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SECTION 1 

INTRODUCTION AND OBSERVATIONS 


This report presents the results of the Task I, Literature Survey, portion of the 
Fuel Quality/Processing Study project. The objective of the total study is to 
provide a data base that can be used to establish an intelligent trade-off 
between advanced gas turbine technology and liquid fuel quality. The objective 
of Task I is to survey existing literature to define the properties and charac- 
teristic of near-future (1985-2000 time period) petroleum and synfuels, synfuels 
processes using coal or oil shale, fuel additives, on-site treatment processes, 
and exhaust gas clean up processes. 

Work on this project is being peformed by The Ralph M. Parsons Company for NASA- 
Lewis Research Center under Contract DEN3-183. 

Task I - Literature Survey is one of six tasks and serves as a basis for 
performance of the remaining tasks. In Task I, a literature search was conduc- 
ted. This was accomplished by acquiring and summarizing sufficient information 
to define fuel quality, fuel treatment costs and process efficiencies. 

The procedure used and method of presentation are discussed below. 

1. 1 LITERATURE SEARCH PROCEDURE 


This activity was begun with the assembly of information from Parsons' 
files and from contacts in the development and commercial fields. A further more 
extensive literature search was carried out by using the Energy Data Base (EDB) 
and the American Petroleum Institute (API) Data Base. These are part of the 
DOE/RECON system. 

The DOE/RECON search consisted of matching fuel related key words, such as 
coal liquids and Paraho process with physical/chemical property, production 
technology, economics and environmental related key words. 


1-1 


Approximately 6000 references end abatracts were obtained from the EDB 
search. These were reviewed and the especially pertinent documents • approxi- 
mately 300, were acquired in the form of paper copy or microfiche. 

A classification system consisting of six major categoriesi three sequ«fn 
tial digits and five subcategories was developed for use in filing and retrieving 
the documents. Appendix A of the report contains the classification nund>er list 
with abstracts of the document inventory acquired and used in the performance of 
Task I. The document numbers in the list are used as the reference identifica- 
tion for many of the tables within the report. 

1 . 2 FUEL CHEMICAL/PHYSICAL P? :? 7RTIES 

A "Fuel Properties" form was developed for listing information pertinent 
to gas turbine liquid fuel properties specifications. Fuel properties data for 
liquid fuels from selected synfuel processes, deemed to be successful candidates 
for near future comnercial plants were tabulated on the forms. The processes 
selected consisted of H-Coal, SRC-II and Exxon Donor Solvent (EDS) coal liquefac- 
iton processes plus Paraho and Tosco shale oil processes. 

Fuel properties analyses for crude and distillate syncrude process pro- 
ducts are contained in Section 2. Analyses representing synthetic fuels given 
refinery treatments, mostly bench scale hydrotreating, are contained in Section 
3. A sisable actual conmercial run through a mid-west refinery was made on 
Paraho shale oil. An attempt was made to select properties analyses on most 
reently produced liquid fuels for these sections. 

Property analyses tabulations %fere made for over sixty fuel samples. These 
represent an inventory of analyses useful for comparative purposes. These are 
presented at the end of this report as Appendix B. 

1.3 GAS TURBINE FUELS CRITERIA AND CW-SITE TREATMENT 


Section 4 discusses gas turbine fuel specifications based on petroleum 
source fuels as developed by the major gas turbine manufacturers. The advent of 
synthetic fuels and relation to existing and future gas turbine design are 
discussed. 
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Section S prosontt the on-aito gaa turbint fuel treatmanta appUeabla to 
pattolaun baaa fuala iapuritlaa eontant in order to prevent edverae eiwtaminent 
effeeta. The reletim to aynthetie Uouid fuala ia elao diacuaaed. 


Section 7 relatea the environaental eapecta of gea turbine fuel uaage end 
coabuation perfomence. Certain of the aynthetie liquid fuelai ea produeedi ere 
appreciably higher in nitrogen and aoa« aubatantially lover in hydrogen content 
than comparable petroleum baaed fuela* Theae poae RO^ end amoke emiaaion prob- 
lems. 

1.5 GENERAL OBSERVATIOH8 

The literature aearch haa resulted in vhet should be considered "prelimin- 
ary" observations tdiich later may be substantiated or revised during the perfor- 
mance of project tasks. 


It appears that the near future stationary industrial gas turbine fuel 
market will require that some of the synthetic fuela be refined to the point that 
they will reseaible the petroleum baaed fuela. Guidance regarding the preferred 
trade-off of fuel quality and coat will be developed in later project teaks. 




SBCnON 2 

CRUDE 8YNFUELS PRODUCnON 
PROPERTIES AND ECONOMICS 


Liquid synfuels produced from coal end oil ehele have tome propertiea in common 
with petroleum baaed fuela and alao aome differencea. Changea in production 
procedures, refining, storage and methods of feeding gas turbine combustors 
relative to historical procedures used with petroleum source gas turbine fuels 
will be required. Likewise, emission compositions will also differ; in many 
cases emissions can be expected to be more objectionable and require treatments 
not heretofore necessary. 


This section susnarizes production procedures, energy efficiencies, estimated 
economics for coal and oil shale based synfuels. It also sunmarizes physical and 
chemical properties of the crude synfuels, which in turn would represent feed- 
stocks for refining and pretreatment steps prior to uses as turbine fuels. 
Technologies included in this area are: 

e Coal Derived Synthetic Fuels 

(1) H-Coal 

(2) SRC 11 (Solvent Refined Coal) 

(3) Exxon Donor Solvent 

e Shale Oil Fuels 

(4) Paraho 

(5) Tosco II 

Process information extracts of these processes follow. 


2.1 H-COAL PROCE SS 

Process Type: Hylro liquefaction. Direct Catalytic 

Main Products: Naphtha and wide boiling range low-sulfur fuel oil, 

or synthetic crude oil. 


Development Status: Pilot Plant in Startup Stage 

Process Developer: Hydrocarbon Research, Inc. (HRI), 

A division of Dynalectron Corporation, 
McLean, Virginia 


Process Sponsors: (1) Continental Oil Co. 

(2) Mobil Oil Company 
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(3) Ashland Oil 

(4) Standard Oil of Indiana (Amoco) 

(5) Blaetric Povar Rasearch Institute (EPRI) 

(6) Depsrtment of Energy (DOE) 

2.1.1 PROCESS DESCRIPTION^'^ 

The H-CosI process contsins three major process operations. 

(1) Liquefaction 

(2) Separation (solvent recovery/removal of insoluble solids). 

( 3 ) Hydrogen Nanu fee ture 

The integration of the units is depicted in the H-Cosl block flow diagram, Figure 

2 - 1 . 


A simplified flowsheet of the H-Coal PDU is shown in Figure 2-2. 

In the liquefaction unit, crushed coal is slurried with recycle 
solvent, and the coal slurry then mixed with plant makeup hydrogen. The coal 
slurry hydrogen mix is preheated in a co-current radiant type fired heater and 
fed to the reactor. Recycle hydrogen is also preheated and fed to the reactor. 
The coal slurry and hydrogen flow upward through an expanded bed of hydrogenation 
cntalyst. Internal and/or external liquid recycle may be used to maintain the 
catalyst in an ebullated state. Two reactors in series may be required for coals 
of low rank. 


The reactor product liquid and coal residue are withdrawn as a 
slurry and reduced in pressure by means of a high-pressure drop control valve. 
Flash gases are separated and sent to an atmospheric distillation unit. Flash 
liquid is sent to a vacuum distillation unit for recovery of solvent end syn- 
crude. For low-sulfur fuel oil production, solids are removed from the liquid 
stream prior to vacuum distillation. 

A proportion of the flash liquid is clarified by hydroclones and 
recycled to the reactors. 

Hydrogen-rich gas is withdrawn from the reactor and cooled at 
pressure to remove heavy hydrocarbons and water, then scrubbed to recover 


light hydrocirbons. A proportion of tho serubbod gat it purged from the proetai 
and uaad ai fuel and for hydrogen manufacture. The remainder ia recycled to the 
reactor. Separated h>< rocarbona are fed to the atmoapheric distillation unit. 

Recovered solvent from the distillation units is slurried with 
fresh coal to repeat the cycle. Heavy bottoms and coal residue from the vacuum 
unit go to a gasifier for hydrogen production. 

Reactor residuum content i 

It has been found that the concentration of residuum in the reac- 
tion sone has a significant effect on the conversion of coal to distillate 
products. Increasing the residuum content of the reector slurry from 21.1 to 
33.0 wtZ resulted in a 30Z reduction in required reactor residence time, and 
increased the C^-97S°F distillate yield by IIX. 

Coals Processed t 

Lignite, Brown Coal, sub-bituminous, bituminous C, high volatile 

bituminous. 


2.1.2 INTENDED PRODUCT USE /MARKET 

HRI has prepared a process design for a hydrogen refinery to up- 
grade the coal liquids to gasoline and furnace oil. ^ Naphtha, middle distil- 
lates, and heavy gas oil are hydrotreated to reduce sulfur and nitrogen levels. 
Middle distillates are hydrocracked to light and heavy naphtha. Crude naphthas 
and hydroc rack ate s are upgraded by catalytic reforming to high octane gasoline 
blending stocks. 

Vacuum bottoms from the H-Coal process are coked to yield addi- 
tional heavy gas oil and a coal residue (Char-Ash-Coke). 

23,500 tons per day (TPD) of Illinois No. 6 coal are converted to 
50,000 barrels per stream day (BP8D) of liquid fuels. 


2.1.3 


PROCESS EPPXCIBNCY^ (Illinois No. 

6 coal feed) 




Synthetic 

Crude 

Low 
Sulfur 
Fuel Oil 

A. 

Thermal effieimcv 




Product only, X 

74.7 

62.6 


Overall, including 
net utilities, X 

62.7 

56.0 

B. 

Utilities, per ton dry coal 




Power, kWh 

201 

157 


Fuel (coal). Iff Btu 

0.96 

0. 


Raw water, gal. 

661 

501 

C. 

Hydrosen consumption 




wtX MAF coal liquefied 

5.44 

3.57 


SCF/bbl net oil 

6210 

4354 

D. 

3 

Catalyst 




Average life of cobalt 

N/A 

1000 


molybdenum 

cetalyst for low eulfur fuel, 
lb coal/ lb catalyst 

2.1.4 UNIQUE FEATURES OF PROCESS 

Hain features of the process aret 

Coal slurry hydrogenation in a catalytic ebullating bed reactor, 
recycle of residuum to the reactor, product oil used to slurry coal, and addition 
of molecular hydrogen to reactor. 

2.1.5 PROCESS STATUS 

A. Development Status 

A 3-TPD continuous process development unit began operation 

1971. 
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Design for a nominal 200-600-TPD pilot plant began September 
197A uhich was constructed at Catlettsburg, Kentucky. Startup of major process 
sections is presently underway with operation by Ashland Synthetic PuelSt Xnc.t a 
wholly owned subsidiary of Ashland Oily Xnc. 

B. HEX Patents 

O.S.-3»519,S93 
U.S.-3, 519,555 
U.8.-3,540,995 
0.8.-3,617,474 
0.8.-3,700,584 

C. Location of Development Work 

PDO located at MRX laboratory, Trenton, New Jersey. Pilot 
scale plant located adjacent to the Ashland Oil Refinery at Catlettsburg, 
Kentucky. 


D. History 

The H-Coal process is a related application of the ebullated 
bed H-Oil process, developed by HRI and Cities Service Oil Company to convert 
heavy petroleuem oil residues into lighter fractions. First H-Oil commercial 
installation put into operation in 1963. 

Early development of the H-Coal process began mid 1960s in 25 
lb per day bench-scale units sponsored by the Office of Coal Research (OCR) until 
September 1967. From 1968 to 1970 the program was supported by ARCO, and from 
1971 to 1972 by a consortium of six companies. A 3-TPD PDU began operation 1971. 
From 1973 to 1974 the program was supported by a consortium of four companies. 
Since 1974 four oil companies, EPRX, and DOE have sponsored the program. 

Approximately 1200 days of operation were obtained in the 
bench-scale units, and 147 days in the FDU. 

FDD tests since 1974 have been directed towards confirming 
the design basis for 600-TFD pilot plant. Liquid/solid sepsrstion schemes are 
also currently being studied. 
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Tht pilot plant vat datignad to proeaaat 


(1) 633 TPD coal to 1920 BP8D 0.7 wtZ 8 foal oil or, 

(2) 210 TPD coal to 740 BP8D aynthatie eruda. 

2.1.6 P80DUCT8 

Tha major liquid producta eonaiat of naphtha, aiddla diatillata, 
400^r*plua diatillataa and raaidual oila. Tha propartiaa of thaaa producta ara 
tabulatad in Tablaa 2-1, 2-2, 2-3 and 2-4. Coal aourea of tha liquida daaerihad 
in thaaa tablaa vaa Xllinoia No. 6, iuming Otar Mina.^ 

H-Coal naphtha ia high in oxygan and baaic nitrogan, dua to tha 
praaanca of phanola, anilinaa and pyridinaa. Naithar tha naphtha nor tha fual 
oil naata axiating gaaolina or diatillata fual oil apaeificationa, dua in part to 
ralativaly higit lavala of aulfur, nitrogan, and oxygan. 8ulfur and nitrogan alao 
intar far with atandard ra fining procaaaaa that ara uaad to naka gaaolina, aueh 
aa rafoming, and would naad to ba raawwad by, for axan^lo, hydrotraatnant. Tha 
naphtha eontaina pradominantly cyclic conpounda and, upon refining, ahould yield 
high octane gaaolina and hydrogen, prtearily dua to dehydrogenation of naph- 
thanaa . 

2.2 8NC P80CE88 


Procaaa Typat 


Hydro liqua f ac t ion 


Main Producta t 


8HC 

LPC - C-, C. 

Light Diatillata Oila 
Heavy Diatillata Oila 
88C 


DavalopcMnt 8tatuat Pilot Plant Daamatration Plant Daaign 
Procaaa Davaloparat^ 


(1) Pittaburg and Midway Coal Mining Company 
(PAMCO), a aubaidiary of Gulf Oil Co. t 

P4M00 oparataa a nominal 48-TPD pilot 
plant located at Port Lawia, Haahing- 
ton and a bmch acala POO located at 
Marriam, Kanaaa. 
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(2) Cacalytict Xnc. (SouCbarn Coapany Sarvieaai 
Manatar)i 

Catalytic oparataa a 6-TPD 8iC X pilot 
plant located at Wilaonvillc, Alabma. 

O) Colorado School of Ninaa (C8M)t 

eSN oporatoa Idboratory-acalc units at 
Goldont Colorado. 

Process Sponserst 

(1) SOS sponsors developswnt work perfomed 
by FAMCO and C8N. 

(2) DOE and EPSl cosponsor SRC X development 
work perfomed by Catalytict Xnc. 

2.1.1 PROCESS DSSCRIPnOH 

Figure 2-3 shows the SRC XI process. Driet and pulverised coal is 
fed to the slurry mixing vesselt where it is mixed with a slurry recycle stream. 
The slurry recycle is a flashed stream from the vapor-liquid separation section 
containing dissolved and undissolved coal* including the coal ash. The mineral 
contents of the co'il act as a catalyst in ths dissolving, hydrocracking, and 
hydrogenation reactims; hence, for the same residence times, the decree of 
reaction, as measured by the hydrogen consumption, is substantially increased in 
the SRC II mode, or slurry recycle mode, over the SRC X mode. The entire slurry 
is pumped from the mixing vessel and the recycle plus make-up hydrogen is injec- 
ted into the stream ahead of the slurry heater. The entire mixture is heated to 
about 700^P in the slurry heater and then enters the dissolver. 

Reaction heat increases the temperature of the reactants to over 
SOO^P. The reactor effluent is then let down in pressure and cooled in several 
flash separations in the vapor-liquid separation section. The gases separated 
are seat to an acid-gas removal section for 00^ and H28 removal. The gases then 
are eryogenically separated into hydrogen, methane and LPC stream. The hydrogen 
is purified and recycled. The methane is purified by mthanation and dehydration 
to pipeline gas. Psrt of the slurry liquid stream is recycled to the slurry 
mixing tanki the balence fed to a vacuum tower. Here fuel oil is distilled and a 
mineral residue slurry discharge from the bottom. The light liquid stream from 
the gas-liquid separator is separated into naphtha end fuel oil fractions. 
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The mineral residue slurry is sent to an oxygen bloun gasifier 
where synthesis gas is generated, then shifted and purified to produce the make- 
up hydrogen required for the dissolver. The excess synthesis gas is routed 
throu^ an acid gas removal unit and is used as plant fuel, sulfur being 
recovered from the separated hydrogen sulfide 


Hence, this operation would produce only gases and liquid: 


SMG, LPG: 

Light Oils: 

Middle Distillate Fuel: 
Heavy Distillate Fuel: 


IDF - 400®F 
400 - 550 ®F 
550 - 950®F 


2.2.2 OPERATING CONDITIONS 

A. Temperature : 

B. Pressure: 

C. Coal Residence Time : 

D. toal Space Velocity 
(defin^ to be equal 
to Ib/h coal feed 
per ft'’ reactor): 

E. Conversion (MAF 
conversion is defined 
to be equal to 

100 - lb unreacted orxanic solids x lOOZ); 80 - 95Z 
100 lb MAF coal feed 

F. Coals processed : Kentucky No. 9 and No. 14 Coals 

Illinois No. 6 Coal 
Pittsburgh No. 8 Coal 
Hyodak, Wyoming Coal 

* 

None 


Hydrogen (for hydrogenation) 
Solvent (for coal dissolving) 
Solvent (as H. donor solvent) 
Coal ash (as pseudocatalyst) 


G. Catalyst : 

H. Vehicle: 


700 - 900®F 
1,(K)0 - 2,500 psi 
15 - 150 min. 

15 - 100 Ib/h/ft^ 


Although no catalyst is used, it is believed that the minerals in coal 
(and the slurry recycle if used) have a pseudocata lytic effect; slurry 
recycle, or SRC II, increases hydrogenation of the coal presumably 
due to this pseudocatalytic effect. 




Reaction variables : Reaction teaperature 

(affecting the MAP Reaction presaure (H_ partial preaaure) 
conversion and/or Unfiltered‘-^slurry*‘reSycle to coal ratio 
hydrogen consuoqition) Filtered-solvent-recycle to coal ratio 

Reactor residence tiae 
Type of coal 


Recycle Wt Ratios ; 

Slurry to Coal 
Solvent to Coal 


2:1 

1:1 


Yields (vtZ MF Illinois No. 6 Coal Feed): 


4.7 

2.93 

3.87 

1.88 


CO 

- 

«^2 

1.06 

HjS 

2.65 

NHj 

0.24 

HjO 

2.67 

Light Oil 
(IBP - 400®F) 

6.50 

Wash Solvent 
(400 - 500®F) 

7.34 

Process Solvent 
(500 - 850 °F) 

15.25 

(500 - 950 

SRC 850 ®F+ 

36.70 

Ash 

12.13 

Unreacted Coal 

6.78 


Total (including 
Nj consunption) 


104.7 


L 


Of f cf rittio (typical): 


1 ) 


Light Oil 

C 

H 


0 

Ash 


Coaposition (wtX) 

78.92 
14.31 
0.31 
0.31 
6. IS 


100.00 

Gross Heating Value 

(Btu/lb) 19,890 

Boiling Range 400**F 

2) Hash Solvent Composition (wtZ) 


C 

H 

N 

S 

0 


81.61 

10.90 

0.68 

0.27 

6.54 


AStI 


100.00 


Gross Heating Value 

(Btu/lb) 18,134 

Boiling Range: 400 - 500**F 

3) Process Solvent Composition (wtZ) 

C 83.41 

“ 9.18 

H 1.11 

S 0.33 
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0 


5.97 


Ash 

Gross Hosting Vslue 
(Btu/lb) 

Boiling Range 

4) SRC Composition (%itZ) 

C 

H 

N 

S 

0 

Ash 

Fusion Point: 

Boiling Range: 

Gross Heating Value 
(Btu/lb): 

2.2.3 INTENDED PRODUCT USE/MARKET 


100.00 

17,376 
500 - 950®F 


86.70 

7.41 

1.61 

0.44 

3.84 


100.00 

300“f<®> 


950®F+ 


16,926 


A. SNG and LPG: 


The hydrocarbon gases produced by the SRC II process consti- 
tute a hi^-Btu fuel gas. After recovery and purification, the SNG may be used 
as plant fuel gas and/or sold as pipeline quality gas. LPGs are also marketable 
products available from the SRC 11 process. 

B. Naphtha and Middle Distillate Oil : 

The naphtha or middle distillate oil product must by hydro- 
treated for heteroatom (N, S, and 0) removal; then it is valuable as a good 
reformer feedtock, as a precursor to lead-free gasoline due to its high aromatic 
and naphthenes content. 
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II NiVPinPMnt. 




C. Heavy Distillate Fuel Oil t 

Heavy distillate fuel oil may be marketable to the utilities 
industry as a No. 6 residual fuel oil and can be made suitable as a gas turbine 
fuel. 


Tables 2~S and 2-*6 present the properties of the syncrude 
fractions which are likely candidates as gas turbine fuels. 

2.2.3 PROCESS EFFICIENCY 


A. Thermal Efficiency; 

A 

e Oil/Gas Conceptual Commercial Plant t 77. 6Z 

e Utilities iincluding slurrying, dissolving, and filtra- 
tion only)° 

Basis: 1 ton moisture- 

free coal 

780 M Btu 
250 gal 
66 kUh 

310 lb generated 
80 lb generated 
4.7 lb per 100 lb dry coal 

2.2.5 UNIQUE FEATURES OF PROCESS 


Fuel Gas (internal consumption: 
Cooling Water: 

Power: 

High-pressure Steam: 
Low-pressure Steam: 

Hydrogen Consumption: 


(1) The process can produce a liquid or solid boiler fuel, 
depending on the amount of hydrogenation and the amount of 
lifter organic liquids (wash and process solvents) included 
in the boiler fuel blend. 


(2) The process can use synthesis gas ((X>'t'H2) or hydrogen 'or 
liquefaction; also the solvent is believed to act as a donor 
of hydrogen to the coal. 

(3) The reaction is a three-phase reaction: gas, liquid, and 

solids. 
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(4) Although the process is noncstalytic, it is believed that the 
minerals in the ash act as a pseudocatalyst in promoting 
hydrogenation. 

(5) There is an optimal band of operating temperatures for good 
conversion (90Z) of MAF coal to gas, liquids, and SRC. Below 
this band, conversion is limited by the Arrhenius reaction 
rate; above the band, thermal cracking and coke formation 
limit conversion. 

2.2.6 PROCESS STATUS 

A. Development Status 

Two pilot plants are operational. Also, there have been 
several conceptual designs of conmercial-sise coal liquefaction plants using the 
SRC I and II processes. At the present time, DOE has defined funding require- 
ments and is making plans for the design, construction, and operation of a 
demonstration plant. 

The process has been patented (U.S. Patent 3,341,447).^^ 

B. History 

Solvent refining of coal dates back to the Pott-Broche 
process developed in Germany in the 1920s. The process was utilized by Germany 
in World War II for the production of a raw material for carbon electrodes for 
aluminum plants. In the 19S0s, R&D work on a modified Pott-Broche process was 
performed by the Spencer Chemical Company. In 1962, the U.S. Office of Coal 
Research (OCR) awarded a research contract to Spencer for technical evaluation of 
the SRC process. The process was demonstrated in a SO-lb/h, continuous-flow PDU 
in Merriam, Kansas. At the time. Gulf Oil Corporation acquired Spencer and 
reassigned the SRC project to The Pittsburgh and Midway Coal Mining Company. In 
1966, OCR awarded PAMCO a contract for a study of the connercial feasiblity of 
the process to include design, construction, and operation of a SO-TPD pilot 
plant. Stearns-Roger Corporation completed design of the plant in 1969 and after 
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• delay due to leek of fundti detailed engineering and conatruction were awarded 
to Ruat Engineering Conpeny. The plant aterted up in late 1974 end has been in 
operation aince then along with the PDU in Herriem» Keneat. A 6-TPD SRC pilot 
plant was built in 1974 by Cetelyticy Inc.i idtich operetee it now under the 
eonaorahip of DOE end EPRl. aouthern Conpeny Servicea, Inc. aervea aa project 
naneger . 


There ere nany eupporting atudiea for the SRC proceaa, 
including product teating, product upgrading, proceaa evaluetiona, end mechen- 
cial equipment tenting.^ 


2.3 EXXOM DONOR SOLVENT (EDS) PROCESS 


Proceaa Type: 

Hein Producta: 
Development Statua: 
Proceaa Developer: 

Proceaa Sponaora: 


Hydro liquefaction. Indirect (Donor Solvent) 

Naphtha and wide boiling range low-aulfur fuel oil 
Pilot plant. 

Exxon Reaearch and Enginee~ing (kimpany , Florhan Park, 
New Jeraey 

Exxon Corp. 

Electric Power Reaearch Inatitute (EPRI) 


2.3.1 PROCESS DESCRIPTION^^ 


The EDS proceaa containa four anjor proceaa unit operationa: 

(1) Liquefaction 

(2) Separation (aolvent recovery) 

(3) Solvent Hydrogenation 

(4) Hydrogen Manufacture 

The integration of theae unita ia depicted in the EDS block flow 
diegren (Figure 2'*4). A aimplified flowaheet of the EDS liquefaction end aepare> 
tion unita ia ahown in Figure 2*3. 


In the liquefaction unit, cruahed coal ia alurried with recycle 
aolvent end preheated to reaction tenperature. The hot coal alurry ia mixed with 
preheated hydrogen recycle and the combined atream fed to the liquefaction 
reactor. 
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The product from the liquefection reeccor ia aaparatad into gee 
and llquid/raaidue atraams in the hoc high-praitura aaparator. The gaa atraam ia 
cooled to remove heavy hydrocarbona and water, and than acrubbad to ramova acid 

gaaea. 


The liquid/reaidua atraam ia reduced in preaaura and flaah gaaea 
aaparatad. The flaah-gaa ia procaaaad to recover heavy hydrocarbona. The a lurry 
product ia aent to Che aeparation unit where gaa, naphtha, recycle aolvent, 
diatillate, and heavy bottoma (containing all the aolid reaidue from the lique- 
faction, and aome very high boiling hydrocarbona are aeparated by diatilletion. 
Liquida boiling up to lOOO^F are recovered from the product alurry by vacuum 
diatillation, and then further fractionated into light vacuum gaa oil, boiling up 
to 700 ^F, and a heavy vacuum gaa oil product. The light vacuum gaa oil ia 
combined with other recovered liquid hydrocarbon atreama and thia material ia fed 
to the hydrotreating ayatem. 

The liquid product ia fractionated to remove lighter and heavier 
boiling range componenta from the recovered aolvent. The exceaa aolvent ia 
removed from the ayatem aa a product. 

In an earlier alternative veraion of thia proceaa only recycled 
13 

aolvent ia hydrotreated. 

Fixed-bed catalytic reactora are uaed for aolvent hydrogenation. 

The reactora are provided with quench hydrogen for temperature control. High 

preaaure hydrogen-rich gas is cooled to remove heavy hydrocarbons and water, and 

then scrubbed to remove acid gases. In an earlier elternative version of the 

process, solvent was hydrogenated with gas from the HT/HP separator, and liquid 

14 

feed was used for quench temperature control. 

Scrubbed gases from the hydrotreater and liquefaction reactors are 
compressed and recycled to the liquefection unit. 

Hydrotreeted liquid is reduced in pressure and flash gases separa- 
ted. The flash-gas is processed to recover heevy hydrocarbons. Flashed liquid 
ia fractionated, as described above, for solvent recovery. 
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Racov6red lolvcnt it tlurried with freth coal to repeat the cycle< 
Heavy bottona and aolid reaidue go to a gaaifier for hydrogen production. 


Gaa generated from the proceaa ia uaed aa fuel and for hydrogen 

manufacture. 


2.3.2 OPERAIIMC CONDITIONS 


A. Liquefaction 

Coal Proceaaed 



Bituminoua/ ^2 
Sub *b it umi nou a * 



Illinoia No. 6 

Preaaure, atm 

100-175 

123 

Teioperature, 

700-900 

825 

Solvent/Coal, wt/wt 

1.2 - 2.6 

0.5 

H./Coal, wtZ HAF coal 

N/A 

5.75 

' 8CF/lb coal 

N/A 

8.2 

Reaidence Time, min 

N/A 

36 

Converaiona 



H 2 » vtX HAF coal 

N/A 

1.74 

H 2 , SCF/bbl oil 

N/A 

630 

Catalyat 

none 

none 

Solvent Hvdroaenation 



Preaaure, atm 

80 - 210 

122 

Temperature, °F 

500 - 840 

725 

H2/0il, SCF/bbl 

N/A 

4730 

Space Velocity, vt/hr/wt 0.2 * 4.0 

4.0 

Converaion 



H 2 , wtZ HAF coal 

N/A 

1.30 

H 2 » SCF/bbl oil 

N/A 

630 
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Catalyst 


eoamareial AHilti** 
matallic catalysts 


cobalt nolybdata 
on sllica~alumina 


Reaction Variables t 

A wide renge of process conditions have been studied by Exxon. Coal 

12 

conversion has been correlated with a solvent quality index. The quality 
index varies with the degree of solvent hydrogenation. Details of the 
index are proprietary. These correlations show that the addition of H»le~ 
cular hydrogen to the liquefaction reactor significantly reduces the 
solvent quality requirement. 


Coal Processed! 
2.2.4 PRODUCTS 

Bituminous and sub-bituminous 
* 

Heavy Naohtha 

coals. 
392® ♦ 

Fuel Oil 


Raw 

Liquid 

Hydrotreated 

Liquid 

Raw 

Liquid 

Hydrotreated 

Liquid 

Nominal Boiling Range, 

158/392 

158/392 

392/1004 

392/1004 

Distillation, ^F: 

10 wtZ 

223 

198 

477 

462 

SO wtX 

3S6 

315 

694 

657 

90 wtZ 

390 

360 

811 

774 

3 

Density (g/cm ): 

0.87 

0.80 

1.08 

1.01 

Elemental Analysis, wtZ: 

C 

85.60 

86.80 

89.40 

90.80 

H 

10.90 

12.90 

7.70 

8.60 

0 

2.82 

0.23 

1.83 

0.32 

N 

0.21 

0.06 

0.66 

0.24 

S 

0.47 

0.005 

0.41 

0.04 

Higher Heating Value, 

Btu/lb! 

18315 

19304 

17110 

18900 


Excludes C^/158^F naphtha cut 
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2.3.5 INTENDED PBODUCT 08E/NARKET8 


(1) Naphtha 

Tha (C^ - lS8°r) and (158 - 392®F) fraetioaa ara idanclfiad aa 
potantially valuabla naphtha blanding atoeka. 

I 

(2) L0v8ulfur Fual Oil (UFO) 

Tha UFO conaiata of a add-diatillata and a haavy gaa oil. 
Econonic atudiaa have ahown that thaaa cuta ara potantially 
valuable. 

(3) Chanicala 

8paeialty product cheodeala can be aeparatad froa the naphtha 
and UFO. 

(4) Table 2>7 and 2-8 preaent recent product characteriatica for 
gaa turbine fuel candidate fractiona. 

2.3.6 PBOCE88 EFFICIENCY 

A. Tharawl Efficiencv ^^ 

Product only, Zt 80 - 90 

Overallt including net utilitieay Zt 65 - 75 

14 

B. Nvdroaan Conauwetion 

vtZ MAF eoal to liquefaction unitt 3.04 
utX liquid yialdi 6.2 - 7.3 


2-18 


OMQINAL PAGE 18 
OF POOR QUALITY 

14 

C. Catalyst I 

Cobalt aolybdata catalyst Ufa (batwaan rafanaratlons) - ovar 
^ ona yaar. 

f 

2.3.7 UMXQUe PBATURES OP PROCESS 

I Main faaturas of tha procass ara: Noneatalytic proptiatary liqua- 

I faction raactori production of tha donor solvant in a finad^bad catalytic hydro 

lanation reactor, addition of nolacular hydrogen to tha liquefaction reactor, 
and vacuum distillation to separata unconverted coal, ash, and liquids boiling 

over lOOO^P from tha reaction product. 

I 

I 2.3.8 PROCESS STATUS 

i A. Devalopsiaut Status » 

I One-ton^par-day continuous pilot plant constructed July 1965 

and put in productive operation. Basic design specifications for a 250-TP0 pilot 

plant were made from this unit. 

i 

I Bo Exxon Patents t 

U.S. - 3,645,685 
I U.S. - 3,726,784 

I 

I C. Location of Develooment Mork i 

I 

Construction on the large scale pilot plant located adjacent 
to Exxon's Baytown, Texas, refinery was completed early in 1980 with operation 
projected to begin in April or May of 1980 

2.4 PARAMO SHALE OIL PROCESS 

Process Type: Pyrolysis via Partial Oxidation 

Main Products: Fuel Oil, Hi^-Btu gas 
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Dtvtlopmnt Statutt Pilot Plant 

Proeaaa Davalopari Davalopaant Bnginaarintt Ine* 

Proeaaa Sponaort Paraho Davtlopamt Corporation 

2.4.1 P20CBS8 DBSCRXPnON^’ 

Tha vortical devoflov ratort eonatitutaa ^a aajor oparating 

aqoipnant for thia proeaaa. Thia ia diagr a t a f in fignra 2-6. The ratort ia 
to a vortical liBo-boming kiln. Crnah^ oil ohala ia eontiimallp 
ehargad at the top of tha unit and ■aehanieallp apraad to provide a anifona bad. 
Tha eruahad oil aha la floaa downiard countarenrrmtly to hot vapmr and gaa inflow 
fueled by three atagea of gaa/air aiixturaaf the Mjor heat aourea baii^ coaboa- 
tion of coke in tha apant ahale. 

Shale oil vapor ia eollaetad and flova to tha oil recovery unit. 
Spent ihala ia diaehargad out tha bottoa through patented «oving gratae. 

Figure 2-7 ia a diagrau of tha Paraho proeaaa. Tteu baaie aodaa of 
operation are ahowot one vith air fad directly into tha ahale aa pravioualy 
datcribad and an altarnata recycling product gaa (heated by burning coked apant 
ahale with air). 

Daralopuane Statue t 

Prior to 1977 plmc testa up to 32 daya duration had been couplated 
at tha Anvil Points. Colorado facility. Aa oil yield of 98 percent of tha 
Pischar-Assay was reported with an additional yield of 850 aef of 856 Btu/sef 
heating value gas per ton of shale retorted. 

2.6.2 PRODUCT 

Subsequently. 100.000 barrela of crude Paraho ahale oil were 
produced and sent to a major oil refinery for refining into military specifica- 
tion fuels. The reported and published preliminary resulta^^ in early 1979 
indicated that fuels meeting military specifications (JP-5. gasoline and diesel 
fuel marine) and possessing good storage stability can be produced from crude 
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•haU oil. ic waa alao danonatrattd that crudt ahala oil can bo procaaaad in 
coantreial to f inary aquipaant. 

Tablaa 2-9, 2-10 and 2-11 praaant tha ehaaiieal and phyaical 
propartiaa of Parabo ahala oila tdiieb ara conaidarad candidataa for furtbar 
traataant to produea propar gaa turbina fuala. 


2.5 TOSCO 11 SHALE OIL PROCESS 


Procaaa Typat 
Main Products: 
Davalopaant Status: 
Process Davalopar: 
Process Sponsor: 


Pyrolysis, Direct 
Fuel oil, High-Btu t** 

Pilot Plant 

Tosco Corporation (Colony Project) 
Tosco Corporation 


2.5.1 PROCESS DESCRIPTION (refer to figure 2-8) 


Shale is heated and lifted by tha hot flue gas froa the ball beater 
in tha lift pipe. The prahaatad feed is contacted with heated caraaic balls in a 
rotating drua retort. The caraaic balls ara separated froa the spend ahala in a 
trosnal screen at tha outlet of tha retort. Tha spent ahala ganaratas staaa in 
tha cooler. Tha caraaic balls ara alavatad and charged to tha ball beater Where 
they ara heated to tha required tamparatura by burning fuel gas. Pyrolytic 
vapors arc cooled and the gas, tar, and water separated. 


2.5.2 OPERATING CON'^TTIONS*^ 


Tesiperatura: 

Pressure: 

Residence time: 

Vehicle: 

Reaction variblest 

Oil shale feed particle site: 


800 - 1000 ®P pyrolysis 
atmospheric 
5 - 10 min. 
rotating drum 
reactor temperature 
minus 1/2 inch 
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2.5.3 UNIQUE FEATURES OF PROCESS 


• The use of cerenic bells - the balls, lAiich are heated by 
direct firing of a fuel gas, act to transfer heat and grind up 
the coal in the pyrolysis drum and tromnel. 

• A rotating pyrolysis reactor. 

• The TOSCO 11 process recovers as oil or gas substantially 100 
weight percent of the total hydrocarbons produced as oil or 
gas by Fischer Assay. The valuable light gases produced (Hj, 
CO and Cj throu^ C^ hydrocarbons) are some 20 weight percent 

^he Cj and heavier crude shale oil produced. 

A. Development Status ; 

A 1,000-TPD oil-shale, semi-works plant has operated at Para- 
chute Creek, Colorado. Several 50,000-BPD oil-from-shale plants using TOSCO 11 
have been proposed. 


The process and various equipment used in the process have 
several patents applied to it for the retorting of shale. 

The development work was performed by Tosco Corporation at 
the Rocky Flats Research Center, Golden, Colorado. 

B. History ; 

TOSCO, in cooperation with other companies, had developed the 
TOSCO II process for the retorting of oil shale. The process has been demon- 
strated at the lOOO-TPD semi-works plant at Parachute Creek, Colorado. At the 
present time, there have been several conmercial size plants proposed to produce 
approximately 50,000-BPD of shale oil. 

Early in April, 1980 Tosco Corporation announced they were making 
plans for the construction of a 50,000 BPD conmercial plant. 
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2.S.4 UPGRADING OF PRODUCTS 


19 


Plans for connarcial oil shale processing by Colony include up- 
grading principally for the purpose of rMOving nitrogen confounds abundantly 
present in crude shale oil. These compounds are catalyst poisons in refining 
processes such as reformingt catalytic cracking and hydrocracking. Nitrogen 
compounds also contribute to fonsation of nitrogen oxides idien oil is burned in 
conventional combustion equipment. Crude shale oil has a nitrogen content of 
about 1.9 tieight percent. For comparison, heavy crude oil from the Los Angeles 
basin, one of the highest nitrogen crude oils processed in this country, contains 
about 0.6 wight percent nitrogen. 

The proposed Colony upgrading units, as shovn by Figure 2-9, 
include coking, hydrotreating of gas oil and naphtha, gas treating, hydrogen 
production and recovery of ansonia and sulfur. Upgrading with the units des- 
cribed above has benefits in addition to removal of nitrogen. Table 2-12, 2-13 
and 2-14 show the properties of crude shale oil, bottomless crude shale oil and 
the hydrotreated oil produced by upgrading for the proposed Colony design. 

As shown, the hydrotreated oil is a sulfur free distillate product 
low in nitrogen content. In addition to removing sulfur and nitrogen, upgrading 
reduces the viscosity of the oil, thus reducing pipeline transportation costs, 
and eliminates, the coking step, any processed shale residue that may be 
present in the crude shale oil. 

2.5.5 PROBLEM AREAS 

e Ceramic ball attrition. 

e Process effici«icy can be expected to be lowered due to low 
pressure operation and cerasdc ball system. 

2.6 SYNCRUDE 00CT8 


The estimated fixed capital investment (FCI) costs and estimated required 
product selling prices (RPSP) for the syncrude products produced by the above 
described processes from published literature are listed in Table 2-15. For 
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- i. .. -illrf W- i»n 


purposes of comparison, published cost estimates were adjusted to a uniform plant 
capacity of 100,000 barrels par day of product equivalent and early 1980 dollars. 
The price par barrel range of $21 to $25 for the syncrudes appear competitive 
with current crude oil import prices. 
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COMPOSITION 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL, WT% 

SULFUR TOTAL. WT% 

SULFUR, MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS, VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL, VOL % 
NAPHTHALENES. VOL « 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 1(m,WT% 

ON 100%, WT% 

ASH,WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX, MELT TEMPERATURE, "F 
VOLATILITY 

DISTILLATION TEMP., “f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, “f 
GRAVITY. “API 
GRAVITY. SPECIFIC. 60“F 

ioo"f 


NOTES 

Carbon wtX 
Oxygen wt% 
Ch lor ine 


FUEL QUALin/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE 2-1 


SPCB009t0 01 .1801 


TEST METHOD 



ASTM D-86 



84.9 Molecules wt 110. 
3.0 

5. 


FLUIDITY 

POOR POINT, “f 
VISCOSITY, KINEMATIC, cS 
100“F 

122“f 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“F 

210“f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.,“F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 



FUEL 

PROPERTIES 



FUEL TYPg Naphtha 
FROM REFERENCE JU036 

StiiHies for the H-Coal 
Process" 
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COMPOSITION 
CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR, MERCAPTAN, MTT % 
PARAFFINS. VOL % 

OLEFINS. VOLK 
NAPHTHENES, VOLK 
AROMATICS TOTAL, VOL K 
NAPHTHALENES. VOL K 
POLYNUCLEAR AROMATICS, VOL K 
CARBON RESIDUE ON tOK.WTK 
ON 100K, WTK 

ASH.WTK 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOLK 
WATER a SEDIMENT, VOL K 
WAX, WTK 

WAX. MELT TEMPERATURE, °F 
VOLATILITY 

DISTILLATION TEMP.,<’f MAX 
INITIAL BOILING POINT 
10K EVAPORATED 
50% EVAPORATED 
90K EVAPORATED 
FINAL BOILING POIN^ 

RESIDUE. VOLK 
FLASH POINT, ®F 
GRAVITY, ’API 
GRAVITY, Sf'ECIFIC, eH®F 
im°F 
210®F 

NOTES WtZ of 400°F+ Cut 
Carbon WtZ 
Oxygen 


TEST METHOD 




9.7 




0.4 


0.1 
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ASTM D -482 












ASTM D-2887 



FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC. eS 
100®F 

122“f 

2IOPF 

VISCOSITY, SAYBOLT UNIV.. SEC 
tB0”F 
122*F 
21B“F 

COMBUSTION 

NET HEAT OF COMB„ BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.."F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 

Ca 

Cd 

Cr. total 
Cu 

Fa, total 
H9 
K 
Mg 


TEST METHOD 


18068 



I 



Molecule HC 180. 


FUEL QUALITY/PR0CESSIN6 STUDY 

FUEL 

BMP JOB NO. 6009-1 TABLE 3-2 

PROPERTIES 



S^C 6009 (O 01 (3 B0> 









COMTOSITION 

CARBON. WT % r 

HYDROGEN, WT% 

OXYGEN. WT% _ 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. MERCAP1 AN. WT % 
FARAFFINS.VOL% 

OLEFINS, VOL % “ 

NAPHTHENES. VOL % 

AROMATICS TOTAL, VOL % 
NAPHTHALENES. VOL % 

POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%. WT% 

ON 100%. WT% 

ASH.WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT, MG/100 ML ~ 

WATER. VOL % ~ 

WATER a SEDIMENT, VOL % ~ 

WAX.WT% 

WAX. MELT TEMPERATURE, **F L 

VOLATILITY 

DISTILLATION TEMP., "f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED ~ 

90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, "f 
GRAVITY. ®API 
GRAVITY, SPECIFIC. 60°F 
100®F 

2I0®F Q 

NOTES 

WtX of 400°F ♦ Cut 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE 2-3 


TEST METHOD 



ASTH D-1160 



FLUIDITY 

POUR POINT, *F 
VISCOSITY, KINEMATIC. cS 

ioiPf 

I22“f 

210“f 

VISCOSITY. SAYBOLT UNIV.. SEC 
100°F 

I22“f 

210®F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..°F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Or. total 
Cu 

Fa, totM 
Ho 
K 
Mg 



ASTN D-2382 





235 

ASTM 


Dig. Denaitv Meter 




FUEL 

PROPERTIES 


FUEL TYPE Ann°tr 
FROM REFERENCE 


A-036 


I 












COMPOSITION 

CARBON. WT % 

HYDROGEN, WT% 

OXYGEN, WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VO L% 

AROMATICS TOTAL, VOL % 
NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 1B%.WT% 

ON 100%. WT% 

ASH,WT% 

ASH MELT TEMPERATURE, "f 
FILTERABLE OIRT, MG/100 ML 
WATER. VOL % 

WATER B SEDIMENT, VOL % 
WAX.WT% 

WAX. MELT TEMPERATURE. °F 
VOLATILITY 

DISTILLATION TEMP.. °F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT. ®F 
GRAVITY. "API 
GRAVITY. SPECIFIC. 60"f 

ioo"f 

210"F 

notes wtZ of 400 °F ♦ Cut 
Carbon WtZ 
Oxygen WtZ 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABUS 2-4 


TEST METHOD 



ASTM D-2887 



FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC, cS 
100°F 
122®F 
210®F 

VISCOSITY. SAYBOLT UNIV.. SEC 
100®F 
122®F 
210"F 

COMBUSTION 

NET HEAT OF COMB., BTU/L3 
GROSS HEAT OF COMB.. BTU/L3 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 


TEST METHOD 


121.7 

6.368 



Chlorine ppm ND 

Molecules Wt 258 



FUEL 

PROPERTIES 


FUEL TYP F 6S0° F ♦ H-Coal Source 
FROM REFERENCE_a-036 

SHEET OF. 









RMP JOB NO. 6009-1 TABLE 2-5 


FUEL 

PROPERTIES 


SPC 6009 CO 01 13/001 


FUELTYP* SIC 11 Middle Diatillate 


FROM REFERgMCSOalf Phase Zmro Bcport 
SRC-11 Denoastracion Project July 31* U 
Volune 1 of 9, p. A. 1-5 SHEET OF 


* Teleeoa, J.B.O.-C.D. 3/13/80 











COMPOSITION 

CARBON. WT % 

HYDROGEN, WT% 

OXYGEN, vrr % 

NITROGEN TOTAL, WTK 
SULFUR TOTAL. I¥T% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL, VOL % 
NAPHTHALENES. VOL% 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%.WT% 

ON 100%. WT% 

ASH,WT% 

ASH MELT TEMPERATURE. **F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER & SLP MENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. ”f 
VOLATILITY 

DISTILLATION TEMP..*F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SO% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, "f 
GRAVITY.® API 
GRAVITY. SPECIFIC. G0°F 


Aniline Point, 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABLE 2-6 


TEST METHOD 



D 1160 


568-384 
640-656 
785-820 
928-939 
None Givi 
>180 



FLUIDITY 

POUR POINT, ®F 
VISCOSITY, KINEMATIC. cS 
100®F 
122"F 
210*F 

VISCOSITY, SAYBOLT UNIV..SEC 
100®F 
122*F 
210®F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 

Ba 

Ca 

Cd 

Cr. total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni * 

Pb 

Sa 

Si 

Ti 


TEST METHOD 





FUEL 

PROPERTIES 


FUEL TYPE SRC II Heavy Distillate 

FROM REFERENCE Gulf Phase Zero Report 


SRC-H Demonstration Project July 31,197 
Volume 1 of 9,p.Al-5 SHEET OF 


* Telecon, J.B.O.-C.D. 3/13/80 








COMf>OSITION 

TEST METHOD 

FLUIDITY 

CARBON. WT \ 



POUR POINT, "f 

HYDROGEN. WT% 

7.43 


VISCOSITY. KINEMATIC. cS 

OXYGEN. WT% 

1 3.90 


ioo"f 

NITROGEN TOTAL. WT% 

0.62 


122"F 

SULFUR TOTAL. WT% 

0.37 


?io"f 

SULFUR.MERCAPTAN.WT % 



VISCOSITY. SAYBOLT UNIV.. SEC 

PARAFFINS. VOL % 



ioo"f 

OLEFINS VOL% 



122"f 

NAPHTHENES. V0L% 



210"F 

AROMATICS TOTAL. VOL % 

74 


COMBUSTION 

NAPHTHALENES. VOL \ 



polynuclear AROMATICS. VOL % 



NIT HfcAl UF COMtt., ttTU/LA 

CARBON RESIDUE ON 10%.WT% 



GROSS HEAT Or COMB.. BTU/LB 

ON lOON.WTX 



THERMAL STABILITY 

ASH.WT% 



JFTOT. BREAKPOINT TEMP..*F 

ASH MELT TEMPERATURE. °F 



TOR AP 

FILTERABLE OIRT, MG/100 ML 



TRACE METAL ANALYSIS. PPM 

WATER. VOL % 




WATER A SEDIMENT. VOL \ 




WAX. WT % 




WAX. melt temperature."f 




VOLATIL'TY 

Cd 

DISTILLATION TEMP..®F MAX 

Cr. total 

INITIAL BOILING POINT 



Cu 

10\ EVAPORATED 



Fa. total 

50% EVAPORATED 



Hq 

90% EVAPORATED 



K 

FINAL BOILING POINT 



Mg 

RESIDUE. VOL % 



Mn 

FLASH POINT. ®F 

180 


Mo 

GRAVITY. "API 

5.3 


Na 

GRAVITY. SPECIFIC. 80"F 



Nt 

I(«"F 



Pb 

710"F 



Se 

NOTES 

s« 


Ti 


V 


Zn 


TEST METHOD 

1 


5.79 




1.48 







16.921 



c 


-o o 


0.35 


2 


” F 


61.0 


0.19 


0.39 

0.9 


20 



FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABIJi: ?-6a 


FUEL 

PROPERTIES 


FUEL 
FROM REFERENCE. 


A-073-P 


MXr» * II 01 13 NO 


SHEET OF 


RGN, 





COMraSITlON 

CARBON. WT % 

HYDROGEN. WT \ 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR total. WT% 

SULFUR. ME RCAFT AN. WT « 
PARAFFINS. VOL% 

OLEFINS. VOL% 

NAPHTHENES. VOL% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL X 
CARBON RESIDUE ON lOX.WTX 
ON 100%. WTX 

ASH.irrx 

ASH MELT TEMPERATURE. *F 
FILTERABLE OIRT. MG/100 ML 
WATER. VOL % 

WATER R SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT temperature. *F 
VOLATILITY 

DISTILLATION TEMP.,*F MAX 
INITIAL BOilING POINT 
10% EVAPORATED 
MS EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, "f 
GRAVITY. *API 
GRAVITY. SPECIFIC. «®F 
100®F 
7I0"F 

NOTES 


TEST METHOD 



ASTM D-1160 



FLUIDITY 

POUR POINT. ®F 
VISCOSITY, KINEMATIC. cS 

ioo"f 

122*F 

?10*F 

VISCOSITY. SAYBOLT UNIV.. SEC 
100*F 
i?t"f 
210"f 

COMBUSTION 

NET HEAT OF COMB . BTU/LB 
GROSS HEAT OF COMB . BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..*F 
TOR Af 

TRACE METAL ANALYSIS. PPM 
AJ 
As 
Ba 
Ca 
Cfl 

O. total 
Cu 

Fe. total 
Hr 

K 

Mq 

Mo 

Mo 

Na 

Ni 

Ph 

Sc 

Si 

Ti 


TEST METHOD 





L8_^3_ 



FUEL OUALITY/PROCESSING STUDY 

FUEL 

RMP lOB NO 6009^1 TABIJE2-7 

PROPERTIES 


FUEL TYPr F.nR F.^ l 

FROM RFFFRFMrPrnihti«rinfi 
Coal Liquid & Other Synthetic Fuels in 
Cas Turbine Coeibustors- 




«.ocr» • D 'll 1 po* 
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COMPOSITION 

CARBON, WT S 
HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL, WT S 
SULFUR TOTAL. WT% 

SULFUR, MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS, VOL % 

NAPHTHENES, VOL% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS, VOL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%, WT% 

ASH.WT% 

ASH MELT TEMPERATURE, “F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE, °F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, °F 
GRAVITY, ®API 
GRAVITY, SPECIFIC, 60“f 
ioo“f 

210°F 

NOTES 

650°F - Vol.Z 
650 F ♦ Vol.Z 

Asphaltenes, wt.Z 


TEST METHOD 

84.8 


11. A 


1.3 


2.0 


0.6 




















O.Ol 





























21.4 








32 

68 



Mol wt. 297 


FUEL OUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 table 2-9 


FLUIDITY 

POUR POINT, °F 
VISCOSITY, KINEMATIC, cS 
100°F 
122 “f 
210“f 

VISCOSITY, SAYBOLT UNIV., SEC 
100°F 
122®F 
210®F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COV.o., B FU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Or. total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 


85 


1^., 

M- 


FUEL 

PROPERTIES 


- 12 . 


Jii. 


2.0 


TTTT 


O O 


■n » 


tJ O 




- > a 

r- m 


4 w 


FUEL TYPE Paraho Settled Shale Oil 


FROM REFERENCE B-niA^ Bofining of 
Paraho Shale Oil into Military Specifi- 
cation Fuels, 1979 SHEET OF 


SPC 600'.' kO 01 13/801 
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COMPOSITION 

CARBON. WT S 
HYDROGEN, WT % 

OXYGEN, WT% 

NITROGEN TOTAL, WT% 

SULFUR TOTAL, WT% 

SULFUR, MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS, VOL % 

NAPHTHENES. VOL% 

AROMATICS TOTAL, VOL % 
NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS, VOL % 
CARBON RESIDUE ON 10%,WT% 

CN 100%, WT% 

ASH,WT% 

ASH MELT TEMPERATURE, °F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 
WAX,WT% 

WAX. MELT TEMPERATURE. °F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, °F 
GRAVITY, “API 
GRAVITY, SPECIFIC. 60“f 


TEST METHOD 


NOTES 


650°F Volt 

Molecular wt 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABLE 2-10 

SPC 60O‘J f D 01 (3 ao! 
















34.4 









65 

261 


FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, tS 

ioo“f 

122“f 

210“F 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210“F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Plj 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 


FUEL 

PROPERTIES 


fuel type Paraho Hydrotreated Whole 
Shale uil 

FROM REFERENCE n-ni/. 


SHEET OF. 



-38 


COMPOSITION 

CARBOM.WT % 

HYDROGEN. WT % 

OXYGEN. wrr% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. RTTX 
SULFUR. ME RCAPT AN. WT% 
PARAFFINS. VOL X 
OLEFINS. VOL X 
NAPHTHENES. VOLX 
AROMATICS TOTAL. VOL X 
NAPHTHALENES. VOLX 
POLYNUCLEAR AROMATICS. VOL X 
CARSON RESIDUE ON 10X.WTTX 
ON 100X.WTX 

ASH.WTX 

ASH MELT TEMPERATURE. °F 
FILTERABLE OIRT, MG/100 ML 
WATER. VOLX 
WATER ft SEDIMENT, VOLX 
WAX. WT X 

WAX. MELT TEMPERATURE, "f 
VOLATILITY 

OISTILLATION TEMP..®F MAX 
INITIAL BOILING POINT 
lOX EVAPORATED 
MX EVAPORATED 
90X EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOLX 
F( - SH POINT, °F 
GRAVITY, “API 
GRAVITY. SPECIFIC, 60“F 


TEST METHOD 

R7 T9 


12 , *^9 


n nim 


D.n 






57- 1 






42.9 










Nil 

0482 














210“f 

NOTES Asphaltenes, WtZ 0.24A 

Molecular Wt 351 














300 


30.3 









FLUIDITY 

POUR POINT, "f 
VISCOSITY. KINEMATIC, cS 
lOO'-^F 
122“f 
210“F 

VISCOSITY, SAYBOLT UN'V , SEC 

ioo“f 

122“f 

210“f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB , BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS, PPM 


TEST METHOD 


DlQ5 ], 


1^1±- 


6.45 


At 



As 

0. 1 


Ba 



Ca 



Cd 


. — 

Cr, total 



Cu 


9 

Fe, total 

0.9 

TO ? 

Hg 



K 

<0. 1 

iQ 5 

Mg 



Mn 



Mo 




Na 



Ni 



Pb 



Se 



S 



Ti 



V 

0.4 


Zn 1 



FUEL 0UALITY/PROCESSIN6 STUDY 

RMP JOB NO. 6009-1 TABLE 2-11 


FUEL 

PROPERTIES 


FUEL TYPE £Aiaho 65 0 F» Bottoms 

FROM REFERENCE JirOJii 


SHEET. 


OF. 


6009 fc D 01 < 







1 


COMPOSITION 

CARBON. WT % 
hydrogen. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUF TOTAL. WT S 
•Jill FGR. ME RCAPTAN. m % 
PARAFFINS. VOL S 
OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLVNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lOS.WTN 
ON 100%. WTS 

ASH.WT% 

ASH MELT TEMPERATURE. ®F 
FILTERABLE DIRT. MG/tOO ML 
WATER. VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. “F 
VOLATILITY 

DISTILLATION TEMP .“f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, “f 
GRAVITY. °API 
GRAVITY, SPECIFIC. 60“f 
lOO^F 
210®F 

NOTES 


TEST METHOO 








FLUIOITV 

POUR POINT. “f 
VISCOSITY, KINEMATIC, cS 
100°F 
122“F 
210“F 

VISCOSITY, SAYBOLT UNIV.. SEC 


COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB . BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,'’f 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 

Hq 

K 

Mq 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

a 

Ti 

V 

Zn 


TEST METHOO 



FUEL QUALITY/PROCESSING STUDY 

RMP X)B NO. 6009 1 tabIX 2-12 


FUEL 

PROPERTIES 



FUEL TYPE TOSCO Crude Shale Oil 


FROM REFERENCE "nil Shale Eronmni 
Update", Tosco Corp. April 18, 1978 

SHEET OF_ 


.PC hWi f rj 01 f 3 ROi 








-40 


COMPOS! . lON 

CARBOM.WT \ 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT % 

SULFUR. MERCAPTAN. WT\ 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOLH 
AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lON.WTS 
ON lOOS.WTS 

ASH. WT% 

ASH MELT TEMPERATURE. "F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. “f 
VOLATILITY 

DISTILLATION TEMP..“f MAX 
INITIAL BOILING POINT 
lONEVAPORATEO 
SOS EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT. °F 
GRAVITY. “API 
GRAVITY. SPECIFIC. e0®F 
100®F 
210“F 

NOTES 


TEST METHOD 







1.8 


0.7 



































<400 


< 400 


< 650 


< 950 


< 950 






25 









FLUIDITY 

POUR POINT, "f 
VISCOSITY. KINEMATIC. cS 
ioo“f 
122°F 

210“f 

VISCOSITY. SAYBOIT UNIV.. SEC 
100“F 
122“f 
210°F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.,“f 
TDR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe. total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

S 

Ti 

V 

Zn 


TEST METHOD 


r~ 55 I 


48 




























T5 U') 


Q > 


35 r 


O TJ 




El 












FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE 2-13 


FUEL 

PROPERTIES 


FUEL TYPE Toftrn Rnftrwnlgga CriiAl‘ 


FROM REFERENCE Shalo Oil 


SHEET. 


-OF. 


Sf*c 60O« eo 01 (3 'SOI 




COMPOSITION 

CARBON. WT N 
HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WTS 
SULFUR TOTAL. WTS 
SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOLS 
OLEFINS. VOL % 

NAPHTHENES. VOLS 
AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOLS 
POLYNUCLEAR AROMATICS. VOL S 
CARBON RESIDUE ON IBS. WTS 
ON lOOS.WTS 

ASH, WT S 

ASH MELT TEMPERATURE. "F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL S 
WATER 8. SEDIMENT. VOLS 
WAX. WT S 

WAX. MELT TEMPERATURE, ®F 
VOLATILITY 

DISTILLATION TEMP..‘’f MAX 
INITIAL BOILING POINT 
lOS EVAPORATED 
SOS EVAPORATED 
90S EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL S 
FLASH POINT. °F 
GRAVITY, “API 
GRAVITY. SPECIFIC. 60°F 
100°F 
210®F 

NOTES 


TEST METHOD 




FLUIDITY 

POUR POINT, ®F 
VISCOSITY, KINEMATIC. cS 

ioo“f 

122“F 

2I0“f 

VISCOSITY, SAYBOLT UNIV., SEC 
100®F 
122“f 
210“F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 

Hq 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 



35 








FUEL QUALITY/PROCESSING STUDY 

FUEL 

FUEL TYPE Tosco Hydrotreated Shale Oil 
FROM REFERENCE 

RMP JOB NO. 6009 1 TABLE 2-lA 

PROPERTIES 

SHEET OF 







Table 2-15 


Crude Synthetic Liquid Fuels 

A b 

Cost Comparisons ' 


Process 

Plant 
Capac ity 
BPD Equiv. 
Output 

FCl 

$ Billion 
1980 S 

Cost 
12X DCF 
S/Bbl (1980) 

1. 

20 

H-Coal 


100,000 

1.83 

25 

2. 

21 

SRC 11 


100,000 

1.87 

25 

3. 

22 

Exxon Donor Solvent 


100,000 

1.88 

25 

l*. 

Paraho 


100,000 

1.75 

21 

5. 

TOSCO 11 


100,000 

1.95 

21 

a 

25 

The U.S. average selling price*" of No, 2 oil is $31,80 per barrel (bbl). 

b 

The figures presented are 
escalation of capital and 
Accordingly* these figures 
estimates. 

the result of equalizing plant capacities and 
operating costs to early 1980 estimated levels, 
are deemed to represent order of magnitude costs 
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DESULFURIZED 
REFINtRY GAS 


LUMP SULFUR 

t 


HYDROGEN _ 

SULFUR 

Kfci I Nv HT 

SULFIDE ^ 

MANUFACTURE 


MYONOGEN SaFIK 



HASTE HATER 


REFINERY 

GAS 


LIQUEFAaiON 



HYDROGEN 



HYDROGEN MANUFACTURE 
AND 

COMRRESSION 


•<3 6AS TO PURIFIED HATER 
INCINEMTOR 

COAL 


RESIDUE 


COAL 

PREPARATION 


DRY COAL 


COAL-DERIVED LIQUIDS 


SEPARATION 


CRUDE «00®F* OIL 
NAPHTHA 


Figure 2-1 - Block Flow Diagram of H-Coal Plant' 
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OFF-GAS 


HYDROGEN RECYCLE 


HYDROGEN 
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Figure 2-4 - EDS Simplified Block Diagram^ 
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SECTION 3 

REFINED SYNFUELS PRODUCTION 
PROPERTIES AND ECONOMICS 


In the previous section established processes which convert coal or oil shale to 
synthetic liquid are described, together with the character of produced synthe- 
tic liquids. In all cases it is likely that some additional refining will be 
required to produce liquids of turbine fuel quality and to produce saleable by- 
produc ts . 

Development work in the shale conversion field to date has concerned itself with 
the extent and necessity of hydrogen treatment of the liquid product prior to 
shipment to the refiner.^ Part of the concern has centered upon the characteris- 
tic unstable nature of the liquid product due to the fact that it is formed by 
pyrolysis and therefore is olefinic. The second area of concern relates to the 
extent of treatment that might be necessary to render the synthetic liquid 
compatible with the severity capabilities of the conventional refinery. This 
second question is one that applies to all synthetic liquid fuel producing 
processes and not just those which produce an olefin containing product. 

In response to the first concern we reconmend that the crude shale oil be 
hydrogen treated as soon as possible to prevent sludge formation and property 
change due to polymerization. 

The second concern, the concept that syncrude should be converted to a product 
which is equivalent to crude petroleum is one that serves as the base for much 
controversy. At the lime this idea was first expressed, the ability to assimi- 
late the syncrudes in existing processes was unknown. Since that time consider- 

2 3 4 

abl** work has been done, ’ * and much is left to be done. The picture is much 
clearer today, indicating the extent of pretreatment required to render the 
liquid suitable as feedstock to refinery units. In addition, new processing 
techniques have been advanced which should have a beneficial effect on processa- 
bility of syncrude; namely the advancement of residuum hydrocracking and experi- 
ments to better define the fluid catalytic cracker performance on nitrogen 
bearing feedstocks.^ Figures 3-1 and 3-2 are simple diagrams depicting hydro- 
cracking processes. Figure 3-3 describes a typical fluid catalytic cracker 
system with attendant auxiliaries. 
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All of this work has been directed toward making conventional refinery products. 
Our present objective is to define the refinery severity necessary to produce 
acceptable products. 

3.1 DISTILLATE FUEL OIL 

An analysis is shown in Table 3-1 for a typical range of properties of #2 
petroleum fuel oil distillate.^ Depending on the sulfur content of the distil- 
late, it may have to be hydrotreated to meet the environmental limits. In all 
other respects it meets the gas turbine fuel specifications. 

3.2 PETROLEUM RESIDUAL OIL 

Table 3-2 is an analysis for a typical range of properties of a petroleum 
residual fuel oil.^ This residual fuel oil would be hydrotreated for sulfur 
removal to meet the environmental limits. It would also require further treatment 
including inhibiting for metals to meet the gas turbine fuel specifications. 
Figure 3-4 is a flow diagram describing a typical hydrotreating system. 

3.3 COAL DERIVED SYNTHETIC FUELS 

3.3.1 H-COAL 

An analysis, Table 3-3, of hydrogenated H-Coal syncrude is shown 
which was obtained from Hydrocarbon Research Inc.^ This fuel meets the environ- 
mental and gas turbine fuel specifications. 

3.3.2 SRC-Il 

No data has been found to date for SRC-II hydrogenated liquids. 
Table 3-4 is an analysis of hydrogenated SRC-1 raw process solvent.^ This fuel 
oil meets the environmental and gas turbine fuel specifications. The SRC-I raw 
process solvent analysis was close to a composite of the SF.C-II middle and heavy 
distillates shown in Section 2 Tables 2-3 and 2-6. Hydrogen content was l.UX. 
We would expect the SRC-II liquids hydrogen to increase similarly on hydro- 
treating. 
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3.3.3 EDS 


An analysis of hydrogenated EDS fuel oil is shown in Table 3-5. 

8 

This oil was obtained from the Exxon Donor Solvent Process. 

3. A OIL SHALE DERIVED SYNTHETIC FUELS 

3.4.1 PARAHO 

An analysis of highly hydrogenated distillate oil from crude 

9 

produced by Paraho Company and hydrotreated by SOHIO is shown in Table 3-6. This 
meets environmental and gas turbine fuel specifications. 

3.5 REFINERY TREATMENT COSTS 


The literature search did result in some petroleum treatment cost informa- 
tion. This will require analyses and relating the information to syncrudes, 
which is to be included in Tasks II, III, IV and V. However, some preliminary 
figures are presented below based on treatment facilities for 50,000 bbls/day of 
synthetic crude oil and fractions. 

3.5.1 HYDROTREATING COSTS 

Capital costs for a hydrotreating unit to desulfurize, denitro- 
genate and saturate olefinic and polycyclic compounds would approximate $33 
million amounting to $660 per daily barrel of syncrude capacity. Operating costs 
approximate 55c/bbl of feed to the unit. 

3.5.2 HYDROCRACKING COSTS 

Capital costs for a hydrocracking unit to hydrotreat and hydro- 
crack a range of syncrude liquids would approximate $70 million amounting to 
$1400 per daily barrel of syncrude capacity. Operating costs approximate 
$1.35/bbl of feed to the unit. Certain heavy resids can also be handled. 
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3.5.3 


FLUID CATALYTIC CRACKING COSTS 


Capital costs for a fluid catalytic cracking unit to process a 
range of syncrude liquids would approximate $72 million amounting to $1440 per 
daily barrel of syncrude capacity operating costs approximate $70/bbl of feed to 
the unit. 

3.6 SUMMARY /CONCLUSIONS 


The literature search for this section was directed towards definition of 
coal and shale syncrude properties after hydrotreating, hydrocracking, and fluid 
catcracking in a refinery operation (refinery products). The purpose was to 
produce refined synfuels suitable for use as turbine fuels. Our basic approach 
for Task 1 was concerned with hydrotreating to produce refinery products with the 
follow-up of hydrocracking and fluid cracking. 

For tasks III f» IV, our efforts would be directed towards references 2 
through 4, as key to setting up an LP model for analysis of economics of upgrad- 
ing an existing refinery vs preparation of syncrude turbine fuels via a new grass 
roots refinery. 
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FUEL QUALITY/PR0CESSIN6 STUDY 
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FUEL 
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FUEL TYPE Hydrotreated F.DS Fuel Oil 
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COMPOSITION 

CARBON. WT % 

HYOROGFN. WT % 

OXYGEN, WT% 
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SULFUR TOTAL. WT H 
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Figure 3-3 - Simplified Flow Diagram, 
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SECTION 4 

GAS TURBINE FUEL CRITERIA 


Fuel property specifications covering liquid fuels for gas turbine operation 
have been developed by the turbine manufacturers from operating experience over 
the years. As a result each manufacturer has developed a fuel tailored to his 
specific machine experience and design. Liquid fuels involved have been from 
petroleum sources. 

ASTM has proposed gas turbine fuel property standards. These are also primarily 
based on manufacturers overall requirements. ASTM has also developed their 
standard test methods for each specific fuel property determination which have 
been accepted by the gas turbine manufacturers. 

The introduction of new fuels derived from coal and oil shale will call for some 
specification modifications. However, the expectation is that product tailor- 
ing, so that existing specifications will be largely met, will be required. 
These will be discussed in later sections. 

4.1 PRESENT FUEL C^.T1? : rIA 

Table 4-1 presents the proposed ANSI/ASTM liquid fuel specifications for 
gas turbines. The last footnote reconinends that the turbine manufacturer be 
consulted . 


Tables 4-2, 4-3, 4-4 and 4-5 are liquid fuel specifications for General 
Electric, Westinghouse, Pratt 4 Whitney and Brown Bovari industrial and utility 
gas turbines. The differences in certain of the specification properties relate 
to the respective combustor and turbine design features allowing limited or 
greater tolerance to the various invididual property effects. 

The industrial and utility firms who operate gas turbine units in their 
systems generally purchase fuels conforming or approaching but not exceeding the 
specifications set forth by the gas turbine manufacturer. Naturally, there are 
digressions in fuel characteristics which could give adverse turbine performance 
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that are nullified by on-site treatment by the operator. The specific pretreat" 
ments to make possible the toleration of exceeded specifications are in most 
cases sanctioned by the turbine manufacturers. The acceptable pretreatment 
methods are covered in detail in Section 5, On-site Fuel Pretreatment. 

A. 2 PROJECTED FUTURE FUEL CRITERIA 


At this point since coal and oil shale derived liquid fuels are as yet 
unavailable coninercially, future required fuel criteria has taken the form that 
with present machines the synfuels should be processed such that they will, for 
the most part, conform to present gas turbine fuel specifications. 

4.2.1 MAJOR SYNFUEL DIFFERENCES 

Synfuel hydrogen contents tend to be lower than those for accepted 
petroleum based gas turbine fuels. Coal derived synfuels without subsequent 
refining processing will be higher in unsaturates and polycyclic hydrocarbon 
compounds of which a low hydrogen content is indicative. These compounds burn 
hotter and with an objectionable high smoke level. Current thinking by those 
working in the field of assessing the suitability of liquid synfuels for present 
American manufactured gas turbine use is that hydrogen content in the fuel should 
be greater than lOZ by weight. Tests using coal derived fuel oil having hydrogen 
content of 7.4Z in a European gas turbine indicated fully satisfactory perfor- 
mance. Combustion system design was such that this type fuel was handled satis- 
factorily. 


It is our judgement that the market will require that synfuels be 
refined to a point that they will be similar to the petroleum-based fuels pre- 
sently used in existing gas turbines. This refining will represent additional 
processing costs and is covered in Tasks III and IV of this project. When the 
supply of coal or shale oil-derived synfuels becomes more abundant, it is expec- 
ted that future gas turbine designs will take into consideration the need for 
burning synfuels requiring minimal additional process refining or on-site fuel 
treatment. In any event, existing gas turbines will require synfuels having 
specifications similar to their petroleum-based specifications until such time 
that the combustion system can be modified by retrofit to accept synfuels 
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directly. It is doubtful whether modified combustion processes will be available 
until synfuel is readily available. 

It must be mentioned at this point that the European designed 
machines, having separately fired combustors which can be easily modified to 
accept a wide range of fuels and combinations thereof, can more readily accept 
synfue Is . 


4.2.2 ENVIRONMENTAL STANDARDS 

Currently, in order that gas turbine systems emissions be met, 
fuel maximum sulfur content has been set at 0.8Z and fuel maximum nitrogen 
content has been set at a value approximately equivalent to 0.3Z. Fuels exceed- 
ing these standards are considered to require altered combustion procedures, 
stack gas emission scrubbing or catalytic conversion of the resulting pollutants 
to an acceptable form. Technical aspects are covered in greater detail in 
Section 7, Turbine Emission Controls. 

It should be noted where water injection is used for NO^ control, 
particularly when burning the "hotter" fuels, that total trace elements in the 
fuel and injection water shall not exceed fuel specification requirements. 
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Table 4-1 

Proposed ASTM and ANSI Liquid Fuel 
Specifications for Gas Turbines 


ASTM 

Test 


Property 

Method 

No. 2-GT 

No. 3-GT No. 4-CT 

Gravity « *APZ« Min. 

D2S7 

30 

- 

- 

Kin. Vise.* es« 100*P, Min. 

D445 

2.0 

- 

- 

Kin. Viac.t cs, 100*F» Max. 

D445 

4.3 

- 

- 

Plash Point* *P, Hin. 

D93 

100 

130 

150 

Dist. Ttmp., 90% Point* *P* Min. 

D86 

540 

- 

- 

Dist. Teap.* 90% Point* *F* Max. 

D86 

640 

- 

- 

Pour Point* *F( Max. 

D97 

20 

- 

- 

Carbon Kas. (10% lot.)* Wt %* Max. 

0524 

0.35 

- 

- 

Ash* Nt %* Max. 

0482 

0.01 

0.03 

- 

Trace Metals 


Sec Note (a) 


Water A Sedinent* Vol %* Max. 

01796 

0.05 

1.0 

1.0 

Sulfur* Wt %, Max. 

0129 

Legal 

Legal 

Legal 

(a) For isq;>roved turbine life* the turbine user Bust aakc arranqsetents to 
assure that the fur) at the turbine fuel noszle oeets the requirements 
shown bolow. This might include transportation arrangements with the 
fuel si 4 >plier* particular care to on-site fuel storage and quality 
control ptocedures* and on-site cleanup procedures. 

Trace Metals 





Vanadium 

02787 

O.S 

0.5 

(b) 

Sodium Plus PotassixsB 

02788 

0.5 

0.5 

(b) 

Calcium 

02768 

0.5 

0.5 

(b) 

Lead 

02787 

0.5 

0.5 

(b) 


(b) Consult turbine Mnufeettirer. 
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Table /‘-2 - General Electric 
Liquid Fuel Specifications 






1 TRUE 








DISTILLATES (b) | 

ASH-B$AR1NG 

FUELS (b) 







CRUUeS AND 




POINT OF 

ASTH 



BLENDED 

HEAVIER 



APPLICABILITY 

TEST 

LIGHT 

HEAVY 

RESIDUAL 

Ri;S 1 DUAL 

APPMCABILITT 

PROPERTY 

(a) 

METHOD (c) 



FUELS 

PULLS 

3.1 Gas Turbine 

Kin. Viscosity, cSt, iOO°F (37.0°C), min 

Delivery 

D445 

.5 (d) 

1.8 

1.8 

1.8 

Requ 1 resients 

Kin. Viscosity, cSt, 100°F (37.8®C), stax(e) 

Delivery 

D445 

5.8 

30 

160 

900 


Kin. Viscosity, cSt, 210°F (99.9°C), max(e) 
Specific Gravity, 60*^F (15.6 c), stax 

Delivery 

D4 4 5 

- 

4 

13 

30 


Delivery 

D129B 

Report 

Report 

.96 

.96(f) 


Flash Point, °F (’’O, min ( 9 ) ^ _ 

Delivery 

D93 

Report 

Report 

Report 

Re|>ort 


Distillation Temp. 90% Point, °F <°C) max 
Pour Point, °r (”c) , max 

Delivery 

D 86 

650 (3381 

Report 

- 

- 


Delivery 

D97 

0(-18) 
or 20(7) 
below 
min. 
asibient 

Report 

Report 

Report 



Carbon Residue, Ht. t (101 Bottoms) xiax. 

Delivery 

D524 

.25 

- 

- 

- 


Direct Pressure Atomization 
Carbon Residue, Nt. t (lOOt Sample) max. 

Delivery 

0524 

1.0 

1.0 

1.0 



Air Atomization, Low Pressure 
Carbon Residue, Ht. 1 (100% Sample), 

Delivery 

D524 


«. 

Report 

Report 


Air Atomization, Hlqh Pressure 








Ash, ppm, SMX 

Combustor 

d4A2 

50 

50 

Report 

Report 


Trace Metal Contaminants, ppm, max (h) 

Combustor 

( 1 ) 






Sodium plus Potassium 



1 

1 

1 

1 


Lead 



1 

1 

1 

1 


Vanadium (untreated) 



.5 

.5 

.5 

.5 


Vanadium (treated 3/1 wt. ratio H 9 /V) 



- 

- 

100 

500 


Calcium 



2 

2 

10 

10 


Other Trace Metals above Sppm 



Report 

Report 

Report 

Report 


Filterable Dirt, mq/lOOmI, max 

Delivery 

Dii7i 

4 

10 

Report 

Re|>ort 


Hater % Sediment, Vol. %, max. 

Delivery 

D1796 

.1 

.1 

1.0 

i.O 


Hater Content, Vol.- t, max. 

Fuel Skid 

D95 


.1 

Report (j) 

1.0 


Thermal Stability, Tube No., max. 

Delivery 

D1661 


2 

2 

2 


Fuel Compatibility, Tube No., max. 

Delivery 

D1661 

- 

2 

2 

2 


(50/50 mix with second fuel) 

Cetane No., min (Diesel Engine Start Only) 

Delivery 

D975 

40 

_ 


_ 


Sulfur, Ht. 1, max 

Del ivery 

D129 

Report 

Report 

Report 

Report 


Hax content, Nt % 

Delivery 

( 1 ) 

- 

Report 

Report 

- 


Hax Melting Point, °F 

Delivery 

(i) 

“ 

Report 

Report 

• 


Th« specifications below apply only when specific envlronsiental codes exist 


3.2 Environmental 

Sulfur, Ht. t, s«ax 

Delivery 

D129 

Compliance to any applicable codes. 

Code Related 
Requirements 

Nitrogen, Wt %, max 

Delivery 

(1) 

Fuel-bound nitrogen laay be limited to 
meet any applicable codes on total NO^ 
emission'. 


Hydrogen, Wt %, min 

Del ivery 

(i) 

Minimum hydrogen level may be necessary 
to meet any applicable stack plume 
opacity limits (k) 


Ash plus Vanadium, ppm, max 

Delivery 

(1) 

Ash plus vanadium content of ash-oearing 
fuels may be limited to meet applicable 
stack particulate emission codes. (1). 


O 
O 
30 r' 

iC -o 

; •’ 
r ~n 


OWGIN 


Notes to Table 4-2 


(a) The fuel propertlea aped fled refer to the fuel at different points In the overall ayateai 

De livery - fuel as delivered to the turbine site. 

Fuel Skid - fuel at Inlet of fuel skid at turbine 

Combustor - fuel at turbine combustors 

(b) Typical fuels within each general type are discussed in Appendix A. 

(c) ASTN Book of Standards, Parts 23 and 24. 

(d) In the viscosity range of 0.5 cSt to 1.8 cSt, special fuel pumping equlpsMint stay be required. 

(e> The maximum allowable viscosity at the fuel nozzle la 20 cSt for high pressure air atomization 
and 10 cSt for low pressure air and direct pressure atomization. The fuel may have to be pre- 
heated to reach this viscosity, but In no Instance shall It be heated above 275*F (135*C) . (This 
Biaxianjm fuel tesg>erature of 27S*F Is allowed only with residual fuela.) The viscosity of the fuel 
at Initial llght-off must be at or below 10 cSt. 

ff) A specific gravity of 0.96 Is based on average fuel desalting capability witn standard washing 
systems. Fuels with specific gravities greater than 0.96 may be desalted to the required mini- 
mum sodium plus potassium limits by using higher capability desalting equipsMnt (with higher 
attendant cost) or by Increasing the gravity difference between the fuel and wash water by 
blemling the fuel with a compatible distillate. 

(g) The fuel must comply to all applicable codes for flash point. 

(h) A total ash less than 3 ppm Is acceptable in place of trace isetal analysis. 

(1) No standard reference tests exlsti methods used should be mutually acceptable to General 
Electric and the user. 

(j) Water content of crude oils should be reduced to the lowest level practical consistent with 

capability of available fuel treatswnt equipstent, to minimize the chance of corrosicn of fuel 

syatem components. In no case shall the water content exceed 1.0 vol. t. 

(k) A minimum hydrogen content Is set to limit ssK>ke emissions where required by local codes* for 
example, for lOt staximum stack pluan opacity, the minimum requlresient Is 12.0% for True Distillate 
Fuels with the proper fuel atomizing systew. A minimum of 11.0% 16 desirable for Ash-Bearing 
Fuels, or 11.3% minimum when the carbon residue Is greater than 3.5% (on 100% sass>le) . 

(l) Local codes on total stack particulate emissions nay set an upper limit on the sum of the ash 
(non-f llterable) In the original fuel plus the vanadium content. The vanadium together with the 
required siagneslum Inhibitor stay be a major contributor to total stack particulate emissions. In 
estisiatlng these emissions for comparison with the code, all of the following sources My have to 
be considered: vanadium, additives, fuel ash and total sulfur In the fuel* non-combustible par- 
ticulates in the Inlet air* solids from any Injected steam or water* and particles from Incosipleta 
fuel combustion. Hliere an estlMte of stack particulate emissions Is required. General Electric 
should be consultcKl. 
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Table 4-3 - Fuel Specification 
Westinghouse Gas Turbines 


FKUPLK'l'Y 
Flasli Point 

KeiU Vapor PrcKKurc 

I’uur Huinl 

Viscosity 

RamsuotcoD Carbon Residue 
UottOin Sediment and Water (US4W) 

TruccMiietai Content PPM (Wt) 
Sodium plus potassium 

Vanadium 

Lead 

Calcium 

Ocher Trace tiecals 
Sulfur X 


SPCCIFICATION 

No Restriction 
(ace text) 

No Restriction 
(see text) 

No Restriction 
(see text) 

45-70 SSU for Ignition (see Text) 
100 SSU for Combustion 

(see text) 

(sec text) 


^0.5 without coatings 
>0.5 consult Westinghouse for 
coatings and/or treatment 

^0.5 untreated 
>0.5 consult Westinghouse 
for treatment 

^ 2.0 
^ 10.0 
^ 2.0 

^0.5 with combined cycle and/or 

heat recovery units. No limit 
for Econopacs 
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Table 4-4 


P&WA Fuel 

Spec if icat ion 


Distillate Fuel, Marine and 

Industrial Gas Turbine 

Engine 


ASTN 



Tast Nathod 

Limits 

Diatlllation Tamp., *r 

D-86 


IBP 


To ba raported 

10% Bvap. 


440 max. 

90% Evap. 


To ba raported 

S0% Evap. 


875 max. 

90% Bvap. 


725 max. 

Flash Poli)t, *P 

D-93 

110 min. or ia 9 al 

Four Point, *F 

D-97 

To ba raportad 

Cloud Point, *F 

D-97 

To ba raportad 

Vlacoalty, Ca at 100*F 

D-44S 

3.0 max. 

Carb. Mas. (on 10% Btma) , Nt. % 

D-S24 

0.15 max. 

fulfur, Wt. % 

D-129 

1.0 max. 

Corrosion at 212*F, ASTH Cods No. 

D-130 

1 max. 

Ash, Wt. % 

D-462 

0.005 max. 

Gravity, *API 

D-287 

To ba raportad 

Nautrality 

D-1093 

Nautral 

Nat Ht. of Comb. , BTU/lb 

D-240 or D-2382 

To ba raportad 

Lualnoaatar Nunbar 

D-1740 

25 min. 

Hi 9 h Tamp. Stability 

D-1660 


Pras. Changa, in. Ha 


12 max. 

Prahaatar Dap. Coda 


2 max. 

Sadlment, Bg/ 9 al 

D-2276 

24 max. 

Fraa Watar Contant, Vol. % 

- 

0.01 max. 

Trace Natal Contaminants, ppm 

• 


Vanadium 


0.1 

Sodium 


0.1 

Potassium 


0.1 

Calcium 


0.1 

Laad 


0.1 

Coppar 


0.02 
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Table 4-5 - Reconmended Total Impurities Levels 
Brovm Boveri Turbomachinery, Inc. 

htomic 




Ila4r 

{ppm} 

V 

{ppm) 

Fb4>Zh 

(PI») 

ca 

(Pl«) 

8 

(%) 

BSCS 

(%) 

ASM# 

(PF«) 

Nl-.-.rog 

{ppm) 

DJstlllata (#-GT,t2>0T) 









A. 

Optlaiai 

0.5 

0.5 

1.0 

2.0 

Legal 

0.05 

20 

(2) 

B. 

Acceptable * 

1.0 

1.0 

1.0 

2.0 

Legal 

0.05 

100 


Crude (#3-or,f4-Gr) (4) 









A. 

Feak Bhavlag Svc. ** 

2.0 

1.5<"> 

5.0 

10.0 

Legal 

1.0 

(3) 

(2) 

B. 

Base Load ••• 

1.0 

0.5<1) 

2.0 

5.0 

Legal 

1.0 



BasldMl (•3-Or,f4-GT) (4) 









A. 

Feak Shaving Svc. ** 

2.0 

1.5<1> 

5.0 

10.0 

Legal 

1.0 

(3) 

(2) 

B. 

Baaa Load ••• 

1.0 

0.5<« 

2.0 

5.0 

Legal 





1.0 

* Accaptabl* on •oonoaic grounds, ••• Ssctlon III, pnrn. F, png* 7 
** For aMting puak dManda, turblnu at baa« rating, 1000 hr/yr or laaa 


O O 


TJ O 
O 7 


*** For eontlnuoua oparatlon (ovar 1000 hr/yr) 
i In fual only 


O TJ 
C_ X* 

> a 



5 


\ 


(1) Foal with up to 150 ppai V aay ba used with suitsbla Inhibitor addltleas undar conditions 
dlscussad In tha taxt. Candldata fuels with vanadltai contents above this level ^ould be 
cleared by Brown Bovarl T O r b oaachlrery Engineering Departaent on an Individual case basis. 

(7) Nitrogen contents of all candidate fuels should be reported to Brown Boveri Turboaiachinery 
niglneerlng Pepa rtawn t. 

(3) Ash contents of all candldata fuels should ba reported to Brown Boveri Turboaachlnary Engineering Dept. 

(4) The lladts specified, with the exception of vanadlun llsiits, are intended to apply to fuel 
after treataent. 


SECTION 5 

ON-SITE FUEL PRETREATMENT 


On-site treatment can be employed to upgrade quality to acceptable specifica- 
tions for use in gas turbines. Such treatment(s) can permit the use 
of lower cost fuels by removing impurities which may have detrimental effects on 
gas turbines. When fuels do not meet quality standards, each turbine and its 
fuel are considered individually to determine if pretreatment is possible and, if 
so, for selection and design of a correct treatment system. Detrimental effects 
caused by impurities include: 

a High temperature corrosion 
a Ash deposition 
a Fuel system fouling 

Trace metal elements are the cause of high-temperature corrosion. They form 
compounds that melt on the gas turbine hot-gas path components, dissolve the 
protective oxide coatings and thereby leave the metal surfaces open to corrosion. 
Sodium, potassium, vanadium, and lead in conjunction with sulfur in the fuel are 
the prime causes of such high temperature corrosion. 

In addition to trace metals, other impurities in the fuel may form ash deposits 
which gradually decrease the cross-sectional area of the gas path and thereby 
reduce the performance of the turbine. Presence of solid oxides, silicates, 
sulfides, and related compounds in the fuel are the principal cause for fouling 
of fuel system components. 

Distillates, such as No. 2 diesel oil, are ideal gas turbine fuels and normally 
require only a minimum of on-site fuel preparation equipment. This would normally 
consist only of filtration to prevent entry of particulate matter into the gas 
turbine combustor with the fuel. In cases where excessive water may be present 
in the fuel, this must be removed by mechanical means. Excessive water can cause 
corrosion of fuel handling components and turbine malfunction. 


5-1 


On-site gas turbine fuel pretreatment other than simple filtration is normally 
confined to cases where heavy petroleum liquid fuels are used. These include 
crudes, heavier residual fuels, and blends of crude or residual with distillcte. 
True distillate fuels do not nonaally require any special pretreatment other than 
to remove contaminants that may be introduced during transportation or storage. 
Use of residual and crude fuels for gas turbines is very limited in the United 
States because such fuels usually have a sulfur content which exceeds allowable 
limits. Therefore, on-site fuel treatment systems for such fuels arc not comnon 
in the United States. However, such treatment systems are fairly coimnon in other 
parts of the world where sulfur emission limits are less stringent because of the 
substantial economic advantage of using crude or residual fuels in conjunction 
with fuel treatment rather than using distillates fuel. 

The comnon impurities in gas turbine fuels of primary interest are shown in Table 
5-1 along with the typical limits, effect on turbine and the type of treatment 
normally used. There is no known economical technique for removing or providing 
inhibition of lead. Therefore, it is necessary to restrict gas turbine fuels to 
those cont/iining less than 1 ppm. There is no known economical on-site method for 
removing sulfur or sulfur compounds. As discussed previously this has restricted 
the use of crude and residual fuels for gas turbines in the United States because 
these fuels normally contain levels of sulfur in excess of the levels permitted 
by emission rules. 

The methods of on-site fuel treatment presently in use fall into three broad 
categories: (1) filtration, (2) fuel additives to inhibit the detrimental 
effects of impurities and (3) removal of impurities by water washing. Each of 
these is described below. 

5.1 FILTRATION 


Filtration is normally provided for all gas turbine fuel systems to remove 
particulate matter from the fuel which may be present in the fuel as produced or 
may be introduced during handling and storage. The most common contaminants that 
can be removed by adequate filtering include solid oxides, silicates, and related 
compounds. Presence of these particles will lead to clogging of fuel pumps, flow 
dividers, and the fuel nostles in the turbine combustors. 


5-2 


r 

it 


i 

> 

i 


i; 

», 

It 


I 




There are many types of filtration systems used in gas turbine fuel systems. 
Host on-site heavy petroleum fuel systems contain several different stages of 
filtering. Strainers are provided between the fuel pump auctions and storage 
tanks. Where the strainer load is high, these can be of the motor driven self- 
cleaning type. These are usually followed by 50 and 100 mesh screens down-stream 
of the pump. Finally, just prior to the combustor, Che fuel is filtered with 5 or 
10 micron filters. For lighter liquid fuels, coalescing filters are often used 
to remove water containing salts. Where fuels contain a large amount of solid 
particulates, centrifuges can be employed to clean the fuel, thereby minimising 
filter maintenance. 

5.2 FUEL ADDITIVES 

In practice, fuel additive treatment is used only for inhibition of vana- 
dium in the fuel by addition of magnesium compounds. This has been found to be 
the most cost effective manner of dealing with high vanadium content. Vanadium 
occurs in petroleum fuels as an oil-soluble form which cannot be removed from Che 
fuel by waterwashing or mechanical separation. The magnesium compounds arrest 
the corrosive characteristics of vanadium by forming high melting temperature 
ash composed of magnesium sulfate, magnesium oxide, and magnesium vanadates. 

There are several types of magnesium additive ayaCems in use for vanadium 
inhibition. A ratio of approximately three parts of magnesium to one part of 
vanadium is required. The general types of additives that are used are oil 
soluble (magnesium sulfonate and magnesium naphthenate ) , suspended (magnesium 
oxide and hydroxide), and water soluble (magnesium sulfate). Of these compounds, 
the easiest to use are the oil soluble compounds. They are simply metered into 
and mixed with the fuel. Capital equipment coat is minimal, but operating cost 
is high due to the high cost of these compounds. This approach is acceptable for 
relatively low vanadium levels or low fuel consumption levels. 

Magnesium sulfate, commonly kno%m as Epsom salts, is the lowest cost magne- 
sium additive. However, this compound is supplied in crystalline form and must 
be dissolved in water prior to use. It is normally injected on a continuous 
basis as a water aolution into the fuel line directly ahead of the turbine so 
that there is no chance of settling. For use on a batch basis, it must be 
emulsified into the fuel by use of an emulsifying agent. 


5-3 


Suapcnsion typt additivct arc concentrated atable eupenaione of very finely 
divided ■a(neaiuB oxide or aagneeiuB hydroxide in the fuel oil. Theee concen- 
trated suspenaione diaperac readily in the fuel to fora unifora aiixture and aiuat 
be continuoualy Mixed to prevent aeparation if atored for acre than a liaited 
tine. Theae additivea are the laoat concentrated and therefore reault in the 
lowcat coat for ahipping and handling. The coat of theae conpounda on a nagne- 
aium content baaia ia aonewhat norc than nagncaium aulfate and conaidcrably leaa 
than the oil aoluble conpounda. However, the preaence of fine aolida in the fuel 
aa a reault of addition of theae conpounda preaent a riak of exceaaive abraaive 
wear on fuel punpa and flow dividera unleaa the part idea are kept extrenely 
email . 

Silicone additivea have been uaed to nake gaa turbine combuation aah drier, 
leas denae, and nore friable. Silicone haa uaually been uaed in conjuction with 
a nagneaium additive. The reaaon for modifying the nature of the aah ia to 
achieve leaa aah depoaition in the hot-gaa flow path and/or to produce an aah 
which ia nore readily renoved by turbine cleaning. 

5.3 WATER-WASHING 

Water-waahing haa become an acceptable method of removing aoluble trace 
metala fron liquid gas turbine fuela (basically, sodium, potassium and calcium) 
to ninimise high temperature corrosion, as well as their effect in the preaence 
of sulfur. 


There are 2 methods of water-washing, conanonly referred to as "electro- 
static precipitation" and "centrifuging". Both of these aystema treat the fuel 
oil in an identical manner; hewever, using a different sMans of eventually 
separating wash water from the gas turbine fuel. In both cases, fuel is emulsi- 
fied with water through the aid of a wetting agent in order to dissolve trace 
elements in the wash-water. Tn the case of the electrostatic precipitator, the 
fuel is separated from the aqueous phase by electro-coalescence after the water 
has diMolved aoluble trace elements. The fuel is subsequently inhibited for 
vanadium presence before being burned in the gaa turbine. In the case of the 
centrifuge, wash-water ia reawved from the fuel by mechanical aMans prior to 
sending the fuel to vanadium treatment and subsequent combustion in the gas 
turbine. 
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It is iaportant to control viscosity and iual tamparaturc during watar- 
washing process to assure high purification efficiency. 

For highly contaminated fuels, several stages of water-washing may have to 
be employed and there are cases where, because of the fuel characteristics, 
water-washing using electrostatic precipitators followed by centrifuges have 
been employed. The exact method, of course, would be based on the analysis of 
the fuel being considered for gas turbine application. 

Both the electrostatic precipitator and the centrifuge water-washing 
methods have additional side benefits; they provide additional filtration of the 
gas turbine fuel prior to combustion. The electrostatic unit is effective in 
removing extremely small particles, particularly those having a site less chan 5 
microns. The centrifuge, on the other hand, is more adaptable to removing the 
larger particle sizes. Hence, depending on the fuel characteristic, it is 
desirable in certain cases to combine the t%fo systems to provide not only water- 
washing but also added filtration in order to eliminate the need for an elaborate 
filtration system. Figure S-1 depicts a typical water wash separation system 
with chemical aid additions. 

Because some of the modern gas turbine fuel systems require extremely low 
particulate content in the fuel, a water-wash arrangement using electrostatic 
precipitators and centrifuges is indicated, even though allowable trace elements 
are within accepted limits. This is because the typical 5-micron filter does not 
give adequate particulate removal performance. 
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TABLE 5-1 

GAS TURBINE FUEL IMPURITIES 





IMPURITY 

TYPICAL 

LIMITS 

EFFECT ON TURBINE 

TYPE OF ON-SITE TREATMENT 

Particulate 

Matter 

Note (1) 

Fuel system fouling and erosion 
of gas path components 

Filtration and centrifuging 

Sodium plus 
Potassium 

150 ppm 

High temperature corrosion 

Water washing of fuel 

Calcium 

10 ppm 

Hard deposits 

Water washing of fuel to a 
limited extent 

Lead 

1 ppm 

High temperature corrosion 

No known economical method 

Vanadium 


High temperature corrosion 

Inhibited by addition of 
magnesium to the fuel 

Sulphur 


High temperature corrosion in 
the presence of sodium and 
potassium 

No known economical on-s4te 
method 


Notes: (1) Limits on particulate matter are a function of the total for both the combustion 

air and the fuel. Limits on particulate matter are normally determined by air 
quality requirements rather than limits Imposed by detrimental effects on the 
turbine. 


(2) Sulfur alone Is not a problem with regard to Its effects on turbine components. 
Sulfur limits are dictated by emission limits for SO 2 . 













SECTION 6 

FUEL STORAGE AND BLENDING 


Storage of raw syncrude liquids in nitrogen blanketed API cove roof tanks is 
required to prevent oxidation and/or degradation of the syncrude liquid. It has 
been found that chemical degradation occurs in polar asphaltene compounds of 
syncrude when exposed to the atmosphere. The blanketing material must be nitro- 
gen or an equally inert material. The use of carbon dioxide as a blanketing gas 
has resulted in increased quantities of sludge formation indicating an objec- 
tionable reactivity. 


The DOE Energy Technology Center, Bartlesville, Oklahoma, is sponsoring a series 
of studies on the subject of "Stability Characteristics of Hydrocarbon Fuels". 
Coal and oil shale derived synthetic fuels are included in the program. The 
first report, expected in two months, will include both theoretical and practical 
aspects. Preliminary results with syncrudes have shown that: 

1. Thermal stability is often unsatisfactory. 

2. There can be an interactive effect (synergism) between syncrude 
components which causes polymer (gum) formation, while each 
individual compound may be inert. 


3. For nitrogen-containing fuels, stability was found to be related 

to particular nitrogen compounds rather than to the overall nitro- 
gen content. Alkylated pyrroles have been found most active in 
fuel property degradation. 


4. Stability can be improved by addition of antioxidant agents, by 

addition of specific additives tailored to the fuel composition 
(e.g. neutralizing the action of pyroles if these are present), by 
re-refining of the fuel, or by hydrotreating. 

In general, it is felt that appropriate treatments can create stable fuels. The 
degree of treatment depends on the energy and economic costs involved and on the 
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minifflum degree of stability acceptable. Treatment selection will be dictated by 
a trade-off between these factors and will vary according to the specific fuel 
utilization and the corresponding logistics. 


Blending of syncrude liquids can be significantly different from blending petro- 
leum refinery liquids. This is due to the high aromatic content of syncrude 
refinery liquids even after hydrotreating. This introduces a degree of incompa- 
tibility when coal liquids are blended with paraffinic stocks. Such incompatibi- 
lity could result in sludge formation and/or insoluble compounds being formed. 
The options are further hydrotreating to reduce aromatic content before blending 
or use of coal syncrude liquids with modified burner systems. 


Blending of naphthas to gasoline would be the same as with now normal refinery 
practice. 


SECTION 7 


EMISSION SOURCES AND CONTROLS 


7.0 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) has carried out a consider- 
able amount of work (directly, or indirectly through contractors' in the field of 
emissions from stationary gas turbines.^ Most of the information presented in 
this section has been obtained from EPA; the major references are presented at 
the end of the section. Where appropriate for purposes of this literature survey 
sumnary, certain sections of the following presentation represent direct ex- 
cerpts from the references cited; copies of published tables and figures are also 
presented for reference. 

The pollutants emitted from gas turbines are those conmon to all combustion 
sources, NO^, CH, CO, SO^, particulates, and visible emissions. The mass emis- 
sions from stationary gas turbines will differ depending on several variables 
such as turbine firing temperature, turbine pressure ratio, turbine load, com- 
bustor design, and atmospheric conditions. Table 7-1 shows typical visible, CO, 

SO., and NO emissions for turbines of various sizes manufactured by several 

^ . 1 
companies when fired with both natural gas and liquid fuels. The table shows 

that for turbines operating at base load visible emissions are generally less 

than 10 percent opacity, NO^ emissions range from 0.94 Ib/hr to 1578 Ib/hr for 

turbines having outputs of 0.16 MW and 87.8 MW, respectively, and CO emissions 

range from 0 Ib/hr to 47.2 Ib/hr for turbines having outputs of 60 MW and 51.7 MW, 

respec tively . 

Sulfur dioxide emissions are a function of the efficiency of the gas 
turbine and the sulfur content of the fuel, since virtually all fuel sulfur is 
converted to oxide. 


Unburned hydrocarbon emissions from gas turbines are due to vaporized 
unburned fuel or partially burned products which escape the combustion reaction 
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tone and are emitted in the exhaust. Since combustion efficiencies of gas 
turbines operating at base load normally exceed 99 percent, hydrocarbon emis- 
sions at base load are not substantial and may range from 1 to 5 ppm total 
hydrocarbons measured as methane or hexane (1 ppm is approximately equal to 3 
Ib/hr for a 30 MW turbine). Ambient hydrocarbon levels during many of these 
tests for hydrocarbon emissions were also measured as 1 - 3 ppm. 

Particulate emissions from gas turbines consist of ash from the fuel, 
carbon particles and hydrocarbons resulting from incomplete combustion. Depend- 
ing on the size of the turbine and the fuel burned, particulate emissions range 
from 1 Ib/hr to over 40 Ib/hr and vary from 0.002 gr/scf to 0.10 gr/scf. For 
example, particulate emissions from a turbine operating at 20 MU and burning 
natural gas were 4.8 Ib/hr while those from a turbine operating at 52 MW and 
burning #2 oil were about 41 Ib/hr. Somewhat higher levels of particulate 
emissions may result from gas turbines fired with crude or residual fuels. 

Visible emissions or smoke emissions from gas turbines may be caused by 
only a small portion of the total particulate emissions since they are comprised 
of the extremely small and finely divided particulate matter. Various studies 
have indicated that the major contributor to visible emissions are the particu- 
lates consisting of low density agglomerates of carbon which are generally less 
than 1 micron in size and of the same order of magnitude as the wave length of 
visible light thus producing a greater visual effect than larger particulates. 
Table 7-1 shows that visible emissions from stationary gas turbines operating at 
base load are generally less than 10 percent opacity. 

Nitrogen oxides are formed by the combination of nitrogen and oxygen in the 
combustion air ("thermal" NO^) and by the combination of nitrogen in the fuel 
with oxygen from the combustion air ("organic" NO^). 

7.1 FACTORS AFFECTING EMISSIONS FROM STATIONARY GAS TURBINES 

7.1.1 PARTICULATE AND VISIBLE EMISSIONS 

Some fuels may form more smoke or visible emissions than others if 
compensatory design changes are not incorporated in the combustion system. The 
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paraffinic saturated fuels tend to "smoke" less than the aromatic or unsaturated 
fuels and this smoking tendency is related to the chemical bond energies neces- 
sary to completely consume the fuel. Fuel hydrogen content and residual carbon 
content also affect visible emissions. A reduction in hydrogen content or an 
increase in residual carbon, or both, can increase visible emissions. Figure 7-1 
presents visible emissions versus the firing temperature of the gas turbine when 
burning an East Coast residual fuel. 

Other factors which affect visible emissions are combustor design 
parameters which primarily relate to the fuel/air ratio and to the mixing of fuel 
and air. Carbon can be formed in the primary zone of the combustor if local areas 
of fuel rich mixture exist. Therefore, combustor designs trtiich provide leaner 
fuel to air ratios (less fuel, more air), minimize the number of localized fuel 
rich areas, provide effective fuel atomization and mixing with air, and result in 
sufficient lean regions within the combustor for smoke burnout, are Che most 
effective in decreasing Che particulate load and thereby visible emissions. 

7.1.2 HYDROCARBONS AND CARBONS MONOXIDE 

Incomplete combustion is Che principal cause of emissions of 
hydrocarbons (HC) and carbon monoxide (CO). Gas turbines are typically designed 
for optimum combustion effiency in excess of 99Z at full load. This efficiency, 
however, typically drops to Che 90 to 93 percent range for operation at idle or 
low power conditions. Because of this drop, emissions of HC and CO from Che 
turbines will be higher for turbine start-up and operation at low loads and will 
be a minimum at full load operations. Figure 7-2 shows HC emissions versus fuel 
Co air ratio, and Figure 7-3 shows CO emissions versus firing temperature. Since 
fuel Co air ratio and firing temperature are proportional to gas turbine load. 
Figures 7-2 and 7-3 demonstrate Che trend for HC and CO emissions to increase 
with decreasing turbine load. This increase becomes exponential at low loads. 

The low combustion efficiency (and, hence, higher HC and CO emis- 
sions) experienced in gas turbines operating at low loads is due to Che poor 
burning conditions. Low combustion inlet air temperatures cause quenching Co 
occur thus terminating combustion before completion, and Che low fuel to air 
ratios (fuel lean combustion) result in lower burning intensity in Che primary 
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zone of the combustor. The low fuel and air flows at low power operation result 
also in poor fuel atomization and distribution. 

The specific ratio of HC and CO emissions from gas turbines oper- 
ating at low power conditions (and, therefore, lower efficiency) also varies with 
specific design features of the engine combustor and fuel injection systems. The 
ratio of CO to HC emissions generally increases as the efficiency level in- 
creases. This is consistent with the chemical kinetics of combustion reactions 
which show that HC compounds are consumed faster than CO, with the result that, 
as gas turbine efficiency is increased, any remaining non-equilibrium products 
of combustion will tend to exist mainly as CO. The levels of CO and HC emissions 
from gas turbines with high compression ratios (ratio of compressor inlet air 
pressure to compressor outlet or combustor inlet pressure) are less than CO and 
HC emissions from turbines with lower compression ratios, because the increased 
combustor inlet temperatures and pressures due to higher engine compression 
ratios result in improved combustion efficiency at idle or low pov’er conditions. 

Another factor which may affect HC and CO emissions from a given 
engine is the type of fuel burned. These effects can be somewhat alleviated by 
proper design of the combustor to bum specific fuels. Figure 7-4 shows CO 
emissions versus load for a 26 MW gas turbine produced by Westinghouse Electric 
Corporation when burning a heavy distillate fuel. No. 2 distillate fuel, and 
natural gas. CO emissions when burning heavy distillate fuel are consistently 
above those when burning the other fuels. Figure 7-5 shows HC versus load for 
the same turbines and fuels; in this case no significant differences are ob- 
served. 

7.1.3 NITROGEN OXIDES 

Nitrogen oxides (essentially nitric oxide, NO) produced by combus- 
tion of fuels in stationary gas turbines are formed by the combination of nitro- 
gen and oxygen in the combustion air ("thermal" NO^) and by the combination of 
nitrogen in the fuel with oxygen from the combustion air ("organic" HO^). 
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A. 


Themul NOx and the Variable! Effecting iti Formation 


The NO^ formation mechanism by Che combination of atmospheric 
nitrogen and oxygen (thermal NO^) for fuel lean combustion in Che combustor 
primary zone is coimnonly described and modeled using Che Zeldovich mechanism 
which is described by the following equations: 


a. 
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The reactions were expanded by others to include an interme- 
diate hydroxide molecule (OH) in Che fuel rich region: 

f. N ♦ OH - NO ♦ H 

and to include Che intermediate product of hydrogen cyanide (HCN) by combination 
of a nitrogen atom with a hydrocarbon molecule in the fuel rich combustion zone. 

g. Nj ♦ CH - HCN ♦ N 

h. N+OH- H+NO 

These reaction mechanisms are coimnonly used by the manufac- 
turers of gas turbines in compter models to predict emissions from their conven- 
tional combustors which operate at, or near, stoichiometric combustion condi- 
tions. They are not valid for combustors which may be developed to operate at 
off-stoichiometric conditions (such as fuel rich combustion), thereby reducing 
NO emissions. 

X 
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The Zcldovich equation for the fornecion rate of thermal 
nitric oxide (ppm/m aec) ia: 


j w 0*5 V A c V * -122,000/t, I- X™ 

'* *»o • ‘ P V *«. - 1 * ' ^ 


where: 


K ■ conatant of formation 


■ combustor pressure 


flame temperature 


the volumetric fraction of the substance (i.e., 


Oj; Nj; NO) 


(X_ ) ■ nitric oxide equilibrium concentration 


Equation (i) shows that the "hermal nitric oxide formation 
rate is extremely sensitive to the flame temperature, increasing exponentially 
with increases in flame temperature. From this equation, we can also observe 
that the formation of NO varies with the square root function of the combustion 
pressure and with the N 2 , O 2 , and NO concentration. As Che concentration of 
nitric oxide reaches its equilibrium value, the bracketed figure (equation i) 


becomes zero and thus the nitric oxide formation rate becomes zero. 


The Chermochemical equilibrium quantities of NO that can be 
generated depend strongly on the combustion temperature levels and on Che availa- 
bility of oxygen. Thus, the equilibrium quantities of NO produced increase 
rapidly with increases in combustor inlet temperature and as the fuel Co air 
equivalence ratio approaches values of 0.6 to 1.0. Fortunately, the quanCitites 
of NO^ emissions generated by gas turbines are limited by Che short residence 
times of Che hoc combustion gases within the engine combustor and by Che rapid 
quenching of these gases with Che dilution air. Therefo.e, very high combustion 
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efficiencies can be attained without generating the thermochemical equilibrium 
quantitiei of NO. Some typical nitric oxiie formation rate data for gai turbines 
are shown in Figure 7-6, which shows that NO formation rates increase as combus- 
tor inlet temperature and pressure increase and that operation of the combustion 
process at equivalence ratios less than or greater than stoichiometric (equiva- 
lence ratio ■ 1.0) will result in reduced formation of NO. 



There have been many attempts to develop correlations between 
NO^ emissions and the many variables (such as temperature, pressure, humidity, 
residence time, air to fuel ratio, etc.) which affect these emissions. During 
the process of developing standards of performance for stationary gas turbines, 
several correlations were provided to EPA and these are suninarized in Table 7-2. 
Equations 1 and 2 in the table were submitted with the recomnendation that they 
be used to correct emissions from gas turbines, regardless of manufacturer, to a 
consnon set of reference conditions. Manufacturers of gas turbines, however, 
believed that these equations were not applicable to their engines and stated 
that, in their opinion, individual equations would probably have to be developed 
for each gas turbine and combustor combination. Equations 3, 4 and 3 of Table 
7-2 were submitted with cdditional data to show their applicability and accuracy 
when applied to engines of the specific manufacturer. Data presented by the 
manufacturers indicate that equation 3 can correct emissions to an accuracy of * 
7.5 percent, equation 3 and equations developed by Detroit Diesel Allison 
Division of General Motors also have been shown to predict emissions very accu- 
rately for specific machines. Despite their obvious differences, the equations 
reported in the literature and those shown in Table 7-2 have some common charac- 
teristics. These conmon characteristics are sumnarized as follows: 

1. Most pressure dependence data supports the conclusion 
that the correction factor for the effect of pressure on NO emissions is of Che 
form: 


NO ♦ NO ___ P, reference 0.5 
X X OBS _3 

P^ observed 

Where P^ equals the compressor discharge or regenerator dis- 
charge pressure. 
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2 . 


Most hunidiCy dependence data supports the conclu- 
sion that the correction factor for the effect of hunidity on NO^ emissions is of 
the form: 


NO 


<"», o.s>' 


KCHobi - Hr«f) 


Where K, a dimensionless constant, has been shovm to be equal 
to 22 ^ 8. K*19 is the value most commonly chosen although some manufacturers 
have developed a specific constant for their machine. Ideally, the development 
of a specific constant for each machine is the better approach since it has been 
analytically calculated chat the correction factor for humidity will vary with 
compression ratio, which is a function of machine design. 


B. Organic NOx snd Variables Affecting its Formation 

Organic NO^ is formed during combustion by the chemical com- 
bination of Che nitrogen atoms contained in the fuel molecule with oxygen from 
the air; the exact mechanism of NO^ formation is not known. Generally, organic 
NO^ is only a problem when burning residual oils, blends, some crude oils, or 
heavy distillate fuels which have high nitrogen contents. Host light distillate 
fuels have less chan 0.015 percent by weight nitrogen, and crude oils generally 
have less than ''>.2 percent, while residual oils can go as high as 2 percent. 


The maximum organic NO^ that will be produced when burning a 
given fuel in a gas turbine, assuming all fuel bound nitrogen is converted, msy 
be calculated from the following equation: 

NO (ppm by volume) - **f ^ ^f X 30 X 28.95 X 10^, 

W, 4 U ♦ W 14 30 

f w a 

where “ fuel-bound nitrogen, percent by weight (expressed 

as a decimal) 

> combustor air flow rate, Ibs/sec 
■ water injection flow rate, Ibs/sec 


7-8 


30 ■ nolecular weight of NO 



29.95 ■ average molecular weight of combustor exhaust 

14 " atomic weight of nitrogen 

This simplifies to: 

i, N- X W /W X 2.0679 X 10^ 

* (ppm by volume) 

(1 ♦ W./W ♦ W /W ) 

fa w a 

In their experiments with a combustor from the MS 3000 series 
gas turbine, General Electric Corporation found that the actual conversion of 
fuel bound nitrogen varies with the nitrogen content of the fuel and to a lesser 
extent with the fuel to air ratio at which the gas turbine was operated. They 
therefore performed experiments using the MS 3000 series combustor operating at a 
constant fuel to sir ratio of 0.021 to develop the curve shown in Figure 7-7. 
This curve shows that the percentage of fuel bound nitrogen converted to NO^ 
decreases as the fuel nitrogen content increases. Using this curve and the 
equation given above for calculating the NO^ contribution assuming 100 percent 
conversion of the fuel nitrogen, one can then calculate the NO^ contribution of 
the fuel to the total NO^ emissions from the MS 3000 gas turbine operating at a 
0.021 fuel to air ratio. 

The general applicability of the curve shown in Figure 7-7 to 
combustors with different designs has not been shown. For example, data devel- 
oped by Westinghouse show that for a fuel with 0.79 percent bound nitrogen the 
yield factor was about 20 to 30 percent compared to the 40 to 30 percent shown for 
the General Electric turbine (both machines were operated at firing temperatures 
in the 1800°F range); furthermore, the percent conversion of fuel bound nitrogen 
decreased with increased firing temperature, while C. E. data indicate that the 
percent conversion increases with increasing firing temperature. It has also 
been reported that the yield of NO^ from bound nitrogen in the fue) is less for 
fuel rich combustion than for combustion with leaner fuel mixtures. 



C. The Effects on NOx Emissions of Burning Various Fuels in 

Stationary Gas Turbines 

Burning natural gas instead of number 2 distillate in a given 
gas turbine can result in reducing NO^ emissions by as much as 50 percent. This 
has been theorized to occur because the combustion of liquid fuel droplets 
proceeds in the reaction zone at fuel to air ratios which result in localized 
peak flame temperatures (i^ich are conducive to greater NO^ formation) while the 
combustion of the natural gas occurs at lower, more uniform temperatures. No 
significant difference in NO^ emissions for gas turbines firing heavy distil- 
late, number 2 distillate, or even crude oil was observed. 

A limited number of tests have been carried out using synthe- 
tic fuels. EPA tests carried out during their "Rich Bum - Quick Quench" 
program, using synthetic fuels of properties listed in Table 7-3, showed, as 
expected, NO^ emissions proportional to the fuel nitrogen content (Figures 7-8, 
9, 10), although the combustor design achieved low emissions for all fuels at 
specific fuel/air ratios. 

7.2 EMISSION CONTROL PROCEDURES 

7.2.1 PARTICULATE EMISSIONS 


Particulate emissions from gas turbines consist of ash from the 
fuel, carbon particles and hydrocarbons resulting from incomplete combustion. 
Fuels containing high ash and vanadium contents will result in higher particulate 
emission rates than light distillate fuels or natural gas. Magnesium, manganese 
and barium inhibitors added to liquid fuels to retard vanadium corrosion of the 
turbine components will also increase particulate emissions. Particulates are 
emitted from gas turbines at low levels, varying from 0.002 gr/scf to 0.10 gr/scf 
and exhaust gas volumes ranging from 166,206 scfm to 460.167 scfm for turbines 
operating at base loads of 12 and 44 megawatts, respectively. 

Particulate emissions may be decreased by burning natural gas or 
low ash fuels and by combustor modifications which provide more complete combus- 
tion of hydrocarbons and carbonaceous particles. The only known application ot a 
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particulate control device for gas turbines hes been the instellati''* • packed 
bed scrubber on several jet-engine tests cells at a naval air station. This 
scrubber reportedly reduced particulate eisisaions froai uncontrolled levels 
ranging from about 0.008 gr/scf to 0.015 gr/scf, depending on engine operating 
mode, to controlled levels ranging from 0.001 gr/scf to 0.005 gr/scf. Opacity 
after the scrubber was generally less than lOZ. A jet engine test cell is not 
typical of a stationary gas turbine installation. Because a jet engine operates 
in different modes, including an afterburner mode, opacities vary from 0 to 80 
percent, whereas a typical stationary gas turbine will operate with opacities 
generally less than 20 percent. 

Visible emissions are related to particulate emissions; therefore, 
procedures achieving a reduction in particulate emissions from stationary gas 
turbines can also reduce visible emissions. Visible emissions can also be 
reduced by burning ‘fue Is with high hydrogen contents. Another method for reduc- 
ing visible emissions is to use fuel additives, such as soluble compounds of 
manganese, barium, lead, iron and others. The actual mechanism by which these 
additives reduce visible emissions is unkown and somewhat controversial. Major 
reductions in visible emissions have been achieved through combustor redesign. 
The design of low visible emission combustors involves providing more effective 
fuel and air mixing in the primary zone and leaner fuel-to-air mixtures. 

7.2.2 SOj EMISSIONS 

SOj emissions from gas turbines are strictly a function of the fuel 
sulfur content and virtually all fuel sulfur is converted to SO 2 . The only 
technique now used to control SO^ emissions from gas turbines is to burn low 
sulfur fuels. Stack gas scrubbing for SO 2 resnval has not been applied to gas 
turbines primarily because it is less costly to desulfurize the fuel. Relative 
costs will be presented in later phases of the study. 

7.2.3 HYDROCARBON AND CARBON MONOXIDE EMISSIONS 


Hydrocarbon and carbon monoxide emissions from conventional gas 
turbines are low at full load operation and increase asymptotically as turbine 
loads decrease. Most existing turbines are designed for maximum efficiency at 
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full load operation with efficiency dropping to 90-93 percent at low load opera- 
tion. It ia generally accepted as a "rule of thumb" that, for large gas tur- 
bines, a 1 percent decrease in turbine efficiency corresponds to 300 ppm of CO 


emissions . 


HC emissions also increase with decreasing combustion efficiency. 
Most gas turbines, regardless of site, have HC emissions generally less than 20 
ppm when operated at or near full load. Vaporised hydrocarbons and any partially 
oxidised hydrocarbons are consumed during combustion much more rapidly than CO 
and thus the major product of inefficiency is expected to be CO. This is 
demonstrated by data from an Airesearch GTC 83-90 gas turbine, as shown in Table 


The control of HC and 00 emissions is primarily a function of fuel 
injection and atomisation and fuel-air mixing. Decreased HC and CO emissions are 
therefore accomplished by combustor and fuel injection modifications which pro- 
mote Setter fuel atomisation and fuel and air mixing. They can also be obtained 
by controlling the fuel to air ratios and the residence time at temperature, as 
necessary, to provide combustion of the HC's in the primary sone of the combustor 
and combustion of the CO in the primary and intermediate sones of the combustor. 


7.2.4 NO EMISSIONS 

X 


Nitrogen oxides produced by combustion of fuels in stationary gas 
turbines are formed by the combination of nitrogen and oxygen in the combustion 
air ('thermal NO ") and from the combination of nitrogen in the fuel with oxygen 


from the combustion air ("organic NO^"). 


It is generally recognised that there are four basic techniques to 


reduce the formation of thermal NO . These are: 

X 


1. Reduce the combustion pressure. 


2. Decrease the peak flame temperatures in the combustor 


reaction sone. 


\ll 


3 . 


Reduce the effective residence time during which the 
combustion gases remain at elevated temperatures. 



4. Control the amounts of nitrogen and orygen available for 
the production of NO^. 

No specific procedures, on the other hand, are available for the 
reduction of organic NO^, except for removal of nitrogen from the fuel prior to 
combust ion . 


Control by Water or Steam Injection (Wet Technique) 


The formation of thermal NO is extremely sensitive to flame 
temperature, increasing exponentially with increases in flame temperatures. Wet 
control techniques involve the injection of water or steam into the combustion 
process. The injected fluid provides a heat sink which absorbs some of the heat 
of reaction, thereby reducing peak combustion temperatures and the rate of NO^ 
formation. 


The degree of NO^ reduction achieved for a given turbine 
depends on the rate and method of introducing the water. In experiments to 
maximize effectiveness, manufacturers have found that direct injection of ato- 
mized water into the primary zone of the combustor is best. The effectiveness of 
wet control techniques in reducing NO^ emissions is illustrated in Figure 7-11 
where reductions of NO^ emissions in excess of 80 percent are shown. The band in 
the figure is a compilation of information provided by three major manufacturers 
of gas turbines, with the spread being due primarily to differences in combustor 
design, type of fuel used and method of water or steam injection; data points 
superimposed on the band represent the results of tests by EPA, operators of gas 
turbines, and other manufactures. Only minor differences have been found between 
water and steam injection concerning the effectiveness of NO^ reduction; how- 
ever, water injection reduces gas turbine efficiency by about one percent for a 
water to fuel ratio of one, while steam injection at the same water to fuel ratio 
results in about a one percent increase in efficiency. 


To reduce corrosion of the gas turbine components, only high 
purity water must be used for long-term water injection. The amount and quality 
of water injected into any turbine will vary from manufacturer to manufacturer 
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and from model to model produced by a company. Water treatment requirements will 
also vary depending on the fuel burned by the turbine, since manufacturers 
conmonly specify che combined total quantity of elements in fuel, water, and air 
which must not be exceeded. Table 7-5 sunmarixes typical water quality specifi- 
cations for gas turbines and compares them to boiler feed water requirements. 
Obviously the boiler feed water requirements are more stringent than those for 
the water injected into gas turbines. Utilities, therefore, conmonly use equiva- 
lent water purification systems. Figure 7-11 shows that a 70 to 90 percent 

reduction in NO emissions can be obtained with a 1.0 water/fuel ratio. This 
X 

amount of water represents about 5 percent of the consumptive water use of a 
comparable steam boiler. 

The data reported in the literature are contradictory regard- 
ing the effect of water or steam injection on the emissions of particulates, CO 
and HC. Data concerning the effect of water injection on the conversion of fuel 
bound nitrogen are also scarce. General Electric has performed some very limited 
tests on a combustor rig using "nitrogen doped" fuels and by using this data in 
conjunction with some field test data have extrapolated the results to predict 
NO^ emissions from an MS-7001C simple cycle turbine burning fuels with different 
nitrogen contents, as shown in Figure 7-12. The curves presented in the figure 
represent total NO^ emissions (thermally formed NO^ plus organic Looking 
at the curve for the 0.3 percent nitrogen fuel, one can observe that beyond a 
water to fuel ratio of about 1.2 to 1.3, the injection of additional water 
results in increases in emissions of This would indicste Chat, beyond 
certain high rates of water injections, an increased yield of organic NO^ may 
result. These water injection rates, however, are substantially greater thun 
would conmonly be used for NO^ control, since a 1.0 water/fuel ratio will provide 
70 to 90 percent reduction in thermal NO^. Also, some of the water injection 
rates shown in Figure 7-12 would exceed the levels considered as a maximum for an 
operating gas turbine because the flame would be extinguished. 

B. Dry Control Techniques 

Dry control techniques for reducing emissions of NO^ from gas 
turbines are defined as those techniques which use operational or design modifi- 
cations rsther than water or steam injection; proper designs using these dry 
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techniques do not appear to affect gas turbine efficiency. However, because of 
the largj changes in combustor environment between low power and high power 
operation of gas turbines and because of differences in the mechanisms of pollu- 
tant formation, combustor modifications whi.u reduce CO and HC emissions at low 
gas turbine loads may increase NO^ emissions at high loads. 

For conventional gas turbine combustors, it has been demon- 
strated that CO and NO^ emissions can be traded off against each other by changes 
in operating conditions or air flow distribution. Emission data obtained from 
tests of many gas turbine engines show that this trade-off will generally fall 
within the band illustrated in Figure 7-13. The use of variable geometry to 
control average temperature levels by controlling combustor air distribution 
would result in a trade-off of CO and NO^ emissions by shifting the emissions 
performance point either up or down the characteristic combustor performance 
line. An undesirable feature of this trade-off is that it merely trades one 
pollutant for another. Reductions of both pollutants (CO and NO^) will require 
new combustor designs which either shift the CO - NO^ curve to the left as shown 
in Figure 7-13 or change the 00 - NO^ characteristic trade-off curve. 

Combustor designs utilizing dry control techniques to retard 
the formation of thermal NO^ usually operate on the following parameters: 

a. the reaction flame temperature 

b. residence time of the gases at temperature 

c. the amounts of oxygen available for conversion to NO^ 

d. atomization and vaporization of the fuel 

e. mixing of the fuel and air 

The combustor design modifications applied involve mainly the following tech- 
niques : 

a. air staging and redistribution 

b. fuel vaporization 

c. fuel staging 

d. two stage combustion and off stoichiometric combustion 

e. premixing of the air and fuel prior to introduction to 
the combustion chamber 

f. variable combustor geometry 

g. exhaust gas recirculation 



i 
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h. catalytic combustion 

i. external combustion in a larger combustion chamber(s) 
where the combustion conditions can be more easily con- 
trolled than in a conventional gas turbine combustor. 

The dry control techniques listed above have been applied 
individually or in combination by gas turbine manufacturers to reduce NO^ emis- 
sions with concurrent reduction in CO emissions. Many techniques have been 
researched in combustor rig tests while some have been applied in varying degrees 
to production engines. Much of the design information on the application of dry 
techniques to turbines by specific manufacturers is of a proprietary nature and 
cannot be divulged. In addition, where the data shotm are from combustor rig 
tests, substantial effort may be required to incorporate such design changes into 
a production engine. The amount of further development work required will depend 
to some extent on whether "full size" combustors were used in the rig tests and 
on the sophistification of the simulation of actual combustor inlet conditions 
and of engine conditions such as the flow configuration and distribution down- 
stream of the combustor. Durability and life tests under full engine operating 
conditions will also have to be demonstrated. 

Many dry control techniques have been found effective. The 
use of advanced fuel injection methods such as airblast fuel atomization was 
shown to reduce NO^ emissions by 10 to 15 percent when compared to the more 
conventional fuel injection methods, while rapid introduction of dilution air to 
reduce the dwell time of the combustion gases at high temperatures resulted in a 
30 percent reduction in NO^ emissions. 

Reduced levels of NO^ emissions may be obtained by operating 
with much leaner or much richer average primary zone fuel/air ratios than stoich- 
iometric. Experimental results for tests performed at Westinghouse on a standard 
gas turbine combustor using Number 2 oil with successive modifications to reduce 
residence time, lean the primary zone (increased air to fuel ratio) with reduced 
residence time, and use a very lean primary zone with reduced residence time, are 
shown in Figure 7-14. The curves demonstrate a maximum 40 percent reduction in 
NO^ emissions for the modified combustor as compared to the production combustor. 
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Results of research and development teata performed by 
Ueatinghouae on a one-half scale combustor without and with simulated exhaust gas 
recirculation burning Number 2 oil are shown in Figure 7-15: a 38 percent 
reduction in NO^ emissions was accomplished. 

The NASA-Lewis Research Center has sponsored a number of 
projects as part of their "clean combustor" program to demonstrate practical 
combustor technology for the reduction of pollutants in future generation air- 
craft turbines. Within this program, Solar tested two basic combustor modifica- 
tions, the vortex airblast combustor and the jet induced circulation combustor. 
Both concepts utilized lean primary zones, prevaporization of the fuel, and 
premixing of the air and fuel: reductions of NO^ emissions ranging up to 94Z 
were obtained. General Electric performed rig tests of four basic full scale 
combustor design configurations, namely a single annular lean dome combustor, a 
double annular lean dome combustor, a radial/axial staged combustor and the NASA 
swirl-can combustor. All concepts featured increased air flow; the lean dome 
double annular combustor and the radial/axial combustor used airblast fuel 
injection, where a portion of the compressor discharge air is utilized to atomize 
the fuel and provide better fuel and air mixing. The NASA swirl-can combustor 
consists of a modular array of carburating swirl cans, each with an axial air 
swirler and a stabilizing plate. Each module is designed to premix the fuel with 
the air in the carburetor, swirl the fuel-air mixture, stabilize combustion in 
the swirl can wake and provide mixing areas between the bypass air through the 
swirl can array and the hot gases in the wake of the swirl can modules. With this 
configuration, fuel staging was investigated by controlling fuel flows to the 
various modules. NO^ emissions versus fuel-to-air ratio for a production combus- 
tior and the best configuration of each major design approach are shown in Figure 
7-13. The radial/axial configuration resulted in the greatest reduction (60 
percent) of NO^ emissions. The Pratt and Whitney Aircraft Croup performed rig 
tests of three basic full scale combustor design concepts, the swirl-can combus- 
tor, the staged premix combustor, and the swirl vorbix combustor. The staged 
premix combustor consists of a primary or low power burner and a secondary high 
power burner with each burner having its own fuel injection system and premixing 
passage. The swirl vorbix combustor employs two burning zones: the pilot 
combustion zone only is fueled during low power conditions, with both burners 
used for high power conditions. NO^ reductions ranged up to 61 percent, with the 
swirl vorbix configuration exhibiting the greatest potential. 
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Pratt and Whitney performed for EPA during the period Decem- 
ber 1975 - November 1979 an exploratory development program to idantifyi evaluate 

and demonstrate alternati > combustor design concepts for significantly reducing 

2 ... 

the production of NO^ in tationary gas turbine engines. The investigations 
were directed toward dry combustion control techniques suitable for use in a 25 
megawatt (nominal) engi.ie. Program goala were 50 ppmv NO^ (at 15X O 2 ) for non- 
nitrogenous fuels, and l'>0 ppmv NO^ (at 15Z O 2 ) for fuels containing 0.5Z nitro- 
gen by weight. The goal for CO was 100 ppmv (at 15Z O 2 ). 

The first phase of the program consisted of an analytical 
investigation cf combustion concepts considered to have potential for reducing 
the production of 19^^. In the second phase of work, a number of promising low NO^ 
production concepts wore bench-tested to select the best candidate for implemen- 
tation into the design of a full-scale, 25-megawatt-size, utility gas turbine 
engine combustor. 

Based on this assessment, the "Rich Burn/Quick Quench" 
concept was selected for implementation into the design of a full-scale (25 
megawatt engine size) gas turbine combustor. This concept (Figure 7-17) showed 
significant potential for application in stationary gas turbine engines, and was 
capable of meeting or exceeding all program exhaust emission goals. 




T«ro configurations of the full-scale prototype combustor were 
designed and constructed. The first provided a primary zone residence time about 
as great as that utilized in the bench-scale combustor, but greater than that 
available in a representative 25 megawatt engine having on-board (in-line) 
burner cans. The second configuration waA shorter in length, meeting the basic 
envelope requirements of the representative engine. Tests of the two configura- 
tions were conducted to verify proper isq>lementation of the design concept, and 
to demonstrate the exhaust emission characteristics attainable in the full-scale 
design. 

The test results %>ere highly positive, shoving that the Rich 
Bum/Quick Quench concept can produce substantial reductions in NO^ for both 
nitrogenous and non nitrogenous petroleum distillate fuels. Operation of the 
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protocype conbuaCor on heavy fuela (coal-derived, shale-derived or petroleum 
residual fuel) also showed substantial reductions in NO^ when these fuels were 
fired. The properties of the fuels are presented in Table 7-3, while the NO^, CO 
and HC emissions measured are sho%m in Figures 7-8, 9, 10 and in Table 7-6 
only). According to recent information received by personal consnunication, it is 
believed that fuel r. itrogen contents up to 1.5Z could meet the gas turbine NO^ 
emissions standards tihen fired with this experimental combustor. 

All the program exhaust emission goals were met. Comparison 
of the general emission characteristics to those obtained earlier for the bench- 
scale combustor showed good agreement and indicated the same general dependence 
of NO^ concentrations on primary tone residence time. Extrapolation of the 
results to greater values of residence time indicates that further substantial 
reductions in NO^ can be achieved given increased combustor length. A second 
major implication of the test results was that the Rich Bum/Quick Quench concept 
may be directly applicable to heavy fuels. Having demonstrated substantial 
reductions in the quantities of NO^ formed due to fuel-bound nitrogen (commonly 
present in coal-derived and shale-derived feedstocks), the Rich Burn/Quick 
Quench concept may also overcome a second difficulty, lack of fuel volatility, 
because, under fuel-rich burning conditions, NO^ formed initially due to hetero- 
geneous burning of nonvolatile droplets may reduce to nitrogen. 

C. Catalytically Supported Thermal Combustion 

Catalytically supported thermal combustion is an emerging and 
promising concept for the reduction of CO and HC emissions from gas tur- 

bines. In the catalytic combustor, fuel and air are premixed prior to intro- 
duction to the catalyst core where the reaction begins, and combustion is com- 
pleted at reaction temperatures below 2800°F, thereby avoiding much of the 
thermal nitrogen fixation. For comparison, the combustor axial temperature 
gradients for conventional, lean premix and catalytic combustor concepts are 
shown schematically in Figure 7-18. 

The validity of the catalytic combustion concept has been 
demonstrated in a series of tests performed by Westinghouse in collaboration with 
Engelhard Industries. The catalytic combustor, as compared to the conventional 
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combutCor, reduced MO^ enieeioni by sore Chan 98 and 89 percent when burning 
diatillace oil and coal gaa, reapectively, with concurrent reductions in CO and 
HC emissions. These reductions ifere accomplished with the catalytic combustor 
actually operating at a highar outlet temperature than the conventional combus- 
tor. Similar low emissions levels from catalytic combustion have been verified 
and reported in teats by Detroit Diesel Allison, HASA Lewis Research Center, and 
Che Air Force Aero Propulsion Laboratory. 

The catalytic combustion procedure was found ineffective in 
teats using No. 2 diesel oil doped with 1 percent of pyridine; for these fuels, 
Che conversion of fuel bound nitrogen to NO^ was in Che range of 70 to 90 percent. 
Engelhard has been studying improved catalysts to reduce conversion of fuel 
nitrogen to NO^. 


Although the results show chat catalyCically supported 
thermal combustion is a feasible concept for reduction of emissions from gas 
turbines, there are still some areas where additional research is required before 
a production gas turbine using catalytic combustion is a reality. Some of these 
are: 


a. The start-up problem - The catalytic combustor must 
reach a certain operating temperature, depending on fuel 
type, for ignition and continued combustion. 

b. Variable geometry will be required to operate the cata- 
lytic system over the full operating range of a gas 
turbine. 

c. The life of the catalyst and performance over this time 
period must be determined. Engelhard reports that 
catalysts in rig tests have demonstrated 1000 hours of 
operation without degradation in performance. Many 
stationary gas turbines operate 8000 hours per year. 

d. Haints inability and reliability must be demonstrated in 
a full turbine. 
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D. 


Reduction of NOx in the Flue Cat 


NO control can also be achieved by poet-conbuetion treata^nt 
* 3 

of the flue gae with annoniaf with or without catalyate. It ie believed that 

4 

oxygen participates in the reaction as follows t 

NO ♦ HHj ♦ 1/4 ©2 ■ ^ " 2 ° 

3N0j ♦ 4 NHj ■ 7/2 Nj ♦ bH^O 

Uncatalyzed reaction with annonia is used in the Exxon 
Theimal process , which has been applied for NO^ control in boilers and 

furnaces.^ In this process, amnonia is injected into the flue gas at a tempera- 
ture range from 1140°K (1600°F) to 1250^K (ISOO^F); there it reduces NO by a 
homogeneous gas phase reaction. KVB, Inc., which tested this process, reported 
that use of annonia at a rate equimolar to the flue gas NO^ concentration reduced 
NO^ emissions to 100 ppm (at 3 percent O 2 ) from a baseline level of 270 ppm. 
According to Exxon Research and Engineering, reductions of NO^ up to 70Z are 
possible. Selective reduction in the presence of oxygen is highly temperature 
sensitive, but addition of small amount of hydrogen controls temperature for 
optimum results (Figures 7-18, 19, 20). 

Hitachi (Japan) has developed catalysts resistant to SO. 

4 5 . . ^ 

poisoning ’ which can reduce NO^ to nitrogen by reaction with amnonia in the 

presence of oxygen in a temperature range of 200 to 400°C (Figures 7-21, 22). 

The exact catalyst composition is proprietary, but use of mixtures of refactory 

metal oxides of group IV elements (70-98 atom percent) and transition metal 

oxides has been reported. NO^ reswval rates ranging up to 90 percent are 

claimed. A similar process, using non-noble metal catalysts, is the "Kleenaire 

Denox" system of the Nergss Corporation (Lafayette, Louisiana), which has been 

applied mainly to NO^ and CO removal from 500 to 2000 horsepower stationary 

hydrocarbon-fueled engines used by the petrochemical industry. 

E. Other Approaches 

A control alternative for the abatement of organic NO^ emis- 
sions in gas turbines is the removal of nitrogen from the fuel prior to combus- 
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tion. Tht C9St of this alttrnativs has ba«n aaciaiactd by EPA^ in Septaaibar 1979 
at 12-93 par barral, an axcaasiva aconoaic panalcy. Worth of considarationt 
howavar, could ba tha partial raaoval of nitrogan froai tha fuals, down to approx- 
iaataly 1.5 parcant nitrogan, whara dry control tachniquaa (such as tha "Rich 
Bum/Quick Quanch" approach) bacons affactiva. 

Anothar altarnativa is tha dalibarata naxinixing of NO^ for- 
mation by maintaining high raaction tamparaturas, followed by the extraction of 
NO^ from the flua gas, for use as a chemical feedstock for tha production of 
nitric acid. This possibility has been considered for tha msgnetohydrodynanic 
(MHD) power generation process”, idiere NO^ emissions as high as A800 pm can be 
reached. NO can be scrubbed out by sulfuric acid and converted to nitric acid 
using tha Mitsui wet process. It was found, however, that this process was not 
cost affective whan compared with NO^ control by combustion sMdif icatior, due to 
higher capital and operating costs. 
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Table 7-1 

Visible, CO, NO^, SO^ Emissions from Stationary Gas 
Turbines Produced by Six Manufacturers 



1 

•rc 9^m 

$.c. 

jn « 

•.m 

n.m 

<!• 

M 

9.m 

i.n 

•.It 

»1 

9.1 

n.u 

• «? 

i.ii 

o.i» 

i.M 

i.«i 
















i.i 

O.M 

t.M 

i.M 

1 

n\ - m 



Ml 

II.Mt 

<!• 


i.m 

?.v 


? 

• IS 

• N 

o.ii 

0 

0 

• 

i 





(•«f) 



m 


19.P 

Mi 

n 

• SI 

i.ii 

• M 

i.ii 

O.M 

i.i? 

i.ii 
















0.1 

i.M 

i.n 

1.11 


BA 


















1 

rnmm 

ft.C. 

e.i. 

t.l 

ll,Mi 

<1« 

11 


l.» 

i.» 

m 

t.ll 

9.« 

i.t? 


• 

• 

i 







«!• 

M 


l.ti 

Ml 

111 

I.M 

?.9i 

8.?9 

• 01 

0.1? 

i.14 

i.M 
















0 1 

i.n 

I.M 

i.i? 

« 

Mht 

s.c. 


l.ft 

II.WI 

«1« 

91 

1t.« 

«.f9 

1.1? 

m 

l.?9 

t.tt 

i.?9 

0 

• 

i 

• 




Wmmmm 



>11 

m 

ii.n 

S.M 

1.?l 

m 

if.n 

4.N 

1.l« 

• •1 

Mi 

ill 

i.M 


• 

m • 1 

I.C. 

i.i. 

I.M 

11 .Mi 

t 

11} 

Ml 

I.II 

I.M 

n 

i.M 

I.M 

i.M 

0 

i 

• 

• 




M-l 



t 

tM 

I.M 

li.M 

i.M 

IM 

IN 

i.i? 

i.ll 

i.i 

i.n 

I.n 

i.n 
















i.i 

• Ii 

I.N 

i.n 
















0.1 

i.» 

I.ii 

0.11 

• 

Mil 11 

S.C. 

I.I. 

t.i 

•l.tM 

1 

M 

li.M 

I.N 

I.ii 

11 

1.11 

i.M 

i.ii 

0 

0 

i 

• 

? 

MU 11 


V-1 


1 

111 

M.P 

Mi 

t.M 

P 

I.n 

I.M 

•.?} 

0.1 

1.11 

I.ii 

i.M 















0.9 

li.M 

i.tt 

1.11 


BM aKMIC 

Jli. 













i.i 

l?.l? 

I.ii 

t.tl 

• 


S.C. 

•r 

M 

n.i (a.c) 

11 .Ml 

«ii 

HI 

IP 

i.i 

n.i 

I.i 

i.i 

i.n 

i.n 

i.i 

M.I 

i.n 

I.M 
















0.1 

•1.? 

I.N 

II.II 
















i.i 

1U 

i.M 

li.N 

• 

MIMli 

M. 

I.I. 

M.9 (ii) 

1MM 

<11 

111 

Ml 

l.P 

n.i 

1.9 

9.1 

i.M 

i.n 

0 

i 

i 

0 



i 

M*C 

• (M.i) 



111 

9n 

I.ii 

Ml 

• 

• 

0 

• 

• 1 

11.1 

1.11 

i.M 



BV 


M.i 











i.i 

ni 

I.M 

n.p 
















i.i 

IN 

I.M 

M.i 


MIMli 

i.C. 

»-f 

•I.i (M) 

I.Oi 

<ii 

m 

Mi 

u.t 

m.i 

1 

7.1 

i.ii 

i.i? 

i.t 

N.4 

on 

i.n 
















• 1 

IM 

t.r 

M.« 
















i.i 

iff 

i.M 

M.i 

ti 

MIMIC 

».c 


O.i (M.II 

li.Hi 

< ii 

1M 

Ml 

i.i 

M.i 

M 

i.i 

i.M 

i.ll 

i.i 

m.t 

I.ii 

M.11 



• 


1 











i.i 

Ml 

l.P 

M.lt 



CCM 


M.I 











i.S 

Ml 

I.n 

M.U 


IS399B^» 


















tf 

IMi 

I.C. 

V-l 

11.1 

IMM 


III 

IM 

S.I 

ii.ii 

If 

11.1 

1.1 

111 

0.1 

11. M 

i.ii 

I.M 
















i.i 

ii.ii 

1.11 

I.M 















i.i? 

*.i 

It? 

i.n 

1l.it 

II 

Mfii 

I.C. 

M-l 

».t (M.i) 

19.IC0 

••• 

IM 

IM 

n.i 

Ml 

91 

N.i 

1.1 

i.i 

it.li 

I.M 

I.I? 






(tt.Mi) 










i.i 

i.i 

i.t 

IN 

til 

p.i 

i.M 

I.N 

I.n 

Ii.ii 

M 

«MIM 

I.C. 

M-t 

li.M 

11.S90 

C Ii 

Ml 

Ml 

li.M 111.1 

11. 1 

19 f 

i.M 

Ill 

n.ii 

it.tt 
















i.i 

fit 

I.M 

N.i? 










1I.P 

in 





i.i 

Ml 

i.ll 

ii.1t 

11 

«Mti 

I.C. 

V-l 

M.n 

11 .Mi 

••• 

Ml 

nil 

••• 

... 

... 

••• 

i.i 

in 

I.n 

ii.ii 
















i.i 

at 

I.M 

Mil 
















i.S 

MO 

i.ll 

Mi 

M 

lie 

I.C. 

P-t 

•1.1 

11 JM 

i 

111 

910 

M.w le.i 

M 

•?.f 

if 

IN 

i.i 

M 1 

I.N 

i.M 














i.i 

too 

l.P 

n.io 
















i.i 

lit 

i.ii 

il.M 


Table 7-2 - NO Correlations for Gas Turbines 
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Table 7-3 - Fuel Propertieti Natural and Synthetic Fuels 

Used in the EPA "Rich Burn-Quick Quench" Program 



So t 

fTVmcsO 

SUCH 

Sftddir 

Diitillott 

htdonotiMfi/ 
Malty *ian 
Htud 

Sholt 

Rttid 

Sptcifle Gravity 

0J4 

0J7 

o.r 

0.® 

(€0*F) 

(€0*F) 

mo*F) 

(210*F) 

Viieasity. 

S.0 

SJ 

11.6 

SJ 

cratisioliM 

l€0*F) 

(®*F) 

OlOT) 

(210*F) 

Surfan TtMion 

*5.7 

33.3 

22.6* 

»6* 

dysM/na 

(WF) 

l«*F) 

C210T1 

•210T1 

Htat of Combustion 

11.700 

vasi 

17.SM 

16.1® 

(a«l Btu/lbm 

Pour Point 'F 

<S 

<-45 

€1 

® IramaiM waiy) 

flash FMat *F 

>iao 

>1® 

210 

2U 

Uhimato Analjmi* 

Carbon % 

r.o 

K.77 

66.U 

M.71 

Hydraftn % 

as 

tJO 

11.® 

12.76 

Nitroson H 

<0.02 

0® 

0.24 

046 

Sulfur 1b 

0.044).4S 

010 

0.22 

0.® 

Aoh % 

<0.003 

0.W1 

0.036 

0.009 

Oiyna % 

<0.00 

3.® 

— 

0.® 

Cenradfon Carbon. 

Raoidut V 

<0.30 

0jG3 

S.W 

019 


Cad Poiat *F. 
Ausm. Disliilauoa 


€40 


Ml 


NA 


no 



Table 7-4 - CO and HC Emissions at Various 


Combustion Efficiencies 


Turbine load horsepower 

0 

121 

168 

192 

Combustion Efficiency X 

97.2 

98.6 

99.3 

99.6 

Hydrocarbons as HC^ Ibs/hr 

1.576 

0.627 

0.141 

0.061 

HC ppm 0 15Z 0^ 

495 

134 

26 

10 

Carbon Monoxide Ibs/hr 

7.37 

7.21 

5.38 

3.34 

CO ppm 0 13Z Oj 

1324 

680 

566 

315 


Table 7-5 - 

Water Quality Specifications 



Turbine 

Boiler 

Feed 

Total Dissolved Solids (TDS) 
* Non Dissolved Solids (ppm) 

1.0 - 5.0 

0.25 

Sodium ♦ Potassium (ppm) 

0.5* 

0.25 

Silics (ppm) 

0.02 

0.0 

Particle Sise (micron) 

10 

— 

pH 

7.0 - 8.5 

6.5 - 7.0 

* Turbo Power & Marine limits 

sodium to 0. 1 ppm. 







Table 7-6 - NO^ Ernies ions Reported Using the 
"Rich Burn/Quick Quench Combustor 


Fuels Tested 


X Nitrogen Content NO^ Emissions (ppm) 


#2 Distillate 


#6 Indonesian Res id 


#6 Shale Oil Resid 



Middle Distillate SRC-II Oil 


0.95 


90 
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Figure 7—1 — Visible Emissions vs« Firing Tempersture 
(Load) for a CE MS-5001 Turbine Burning 
Residual Fuel 

Note: Visible emissions decrease with increasing 

von Brand number and decreasing Bacharach 
number. 
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Figure 7-2 - Hydrocarbon Emissions vs. Fuel-to-Air Ratio 

(Load) for the GE MS-700 IB and MS-500 IN Turbines 
When Burning Oil Fuel 



Figure 7-3 - Carbon Monoxide Emissions vs. Firing Temperatures 
(Load) f or GE Gas Turbines Burning Oil Fuel 
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Figure 7-4 - CO Emissions vs. Turbine Load for 
Various Fuels 
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Figure 7-5 - HC Emissions vs. Turbine Load for 
Various Fuels 
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Figure 7-7 - NO^ Yield Fraction vs, Fuel-Bound Nitrogen Content 

















rCRCEMT MOa REDUCTION 



WATER/PUEL RATIO 

Figure 7-11 - Effectiveness of Water/Steam Injection in Reducing NO Emissions 
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Figure 



Hater Injection Rate aa Percent by Weight 
of Coabustor Inlet Air Flow Rate 


-12 - Predicted No^ Emissions for a Range of Nitrogen Contents and 
Hater Injection Rates 



Carbon Monoxide 
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Figure 7-15 - Effect of Exhaust Gas Recirculation on NO Emissions 
for a Combustor Burning No. 2 Oil 
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Figure 7-17 - Rich Bum/Quick Conbuetor Configuration 
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AVERAGE COMBUSTION STREAM TEMPERATURE 
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Figure 7-18 - Temperature History for Conventional Combustors, Lean 

Pre-Mix Combustors, and Catalytically Supported Combustion 










ORIGINAL PAGF !S 
OF POOR GUA..irr 


04 0 .« 0.1 

(NN,)/(N0).l 


10 12 14 


Figure 7-22 - NO Conversion as a Function 
of (NH.)/(N0) Ratio. Cas Mixture: 

300 ppa NO, 0-300 ppa NH., 3Z O 2 
and the resMindcr iL. Reaction 
Teaperture: .350 C, Sipace Velocity 
300,000 h“ , Catalyst: HR-500. 


Figure 7-23 - Effect of Oxygen on 
HO-HH, Reaction. Cas Mixture: 300 

ppa llO, 360 ppa NH., 0 or 31 Oj, 
end the RcsMinder iL. Reset ion 
Teaperature: .350**C, space Velocity 
50,000 h' , Catalyst NR-500. 





APPENDIX A 


LITERATURE SEARCH DOCUMENT LIST 
AND ABSTRACTS 


Thif list represents preferred reports selected from the 
literature search and procured for active reference use 
on this project. 


NASA-Lcwis Fuel Procceeing/Study 
Task I Literature Search Documents 


Legend: Example Document No. 


P 

u 


^Sub-Category Index 

^Sequential Numbering of Documents 

•Major Category Index 


Major Categories 


Coal Derived Synfuels 

Oil Shale - Tar Sand Synfuels 

Petroleum (Reference Distillate and Residual) Fuels 
Turbine Fuel Standards and Specifications 
Turbine Fuel Pretreatment 
Turbine Technology and Emission Controls 

Sub-Categories 


Economics Items (product market costs, fixed capital investment 
and other economic factors) 

Environmental 

Physical and Chemical Properties 
Production Technology 
Energy Efficiencies 


A-001»P. B-OOl-P 


RIPXNXIIG OP SimniETXC CRUDES, Adv«nc*« In Chemistry SsriM 179, AMriem Chssdeal 
Society, Weshington, D.C., 1979 

Abstreet t Based on a sys^oaiuai sponsored by the Division of Petrolsum Chemistry at 
the 174th Meeting of the American Chemical Society, Chicago, Illinois, August 29 “ 
September 1, 1977. Papers presented discuss Choree ter isst ion of Syncrudes, Anely> 
sis of Netero compounds in coal liquids, hydroprocessing of shale oil, tuo'Steged 
thermal and catalytic hydrocracking process for athsbesca bitumen, catalytic 
cracking of ridge bitumen, upgrading of primary liquids by hydrotrestment, ceta~ 
lytic hydroprocessing of solvent refiiMd coal, investigation of cobalt-nolybdeoum 
- alandna catalysts for hydronitrogenation of coal derived oils, catalytic effect 
of active metals upon hydrodenitrogenation of heavy coal liquids, chemicals from 
coal-derived synthetic crude oils. 


A-002. B-002 

Bchweiger, Robert G., "BURNING TOMORROW'S FU^^ J", Power . Pebruary, 1979. 

Abstract ! Discussion of combustion characteristics of various synthetic fuels 
utilised in industrial boilers, gas turbines and process equipment. Includes low, 
medium end high BTU 8NG, coal derived liquids, oil shale liquids and solvent 
refined coal. 


A-003-P. B-003-P. D-004-P. F-008-P 

Moses, C. A., Naegeli, D. N., "FUEL PROPERTY EFFECTS ON COMBUSTOR PERFORMANCE", 
Southwest Research Institute, presented at the Gas Turbine Conference and Exhibit 
and Solar Energy Conference, San-Diego, California, March 12-15, 1979, American 
Society of Mechanical Engineers Publication 79-GT-17S. 

Abstract ! 

Two combustor rigs have been used to study the sensitivities of cosd>ustor operation 
to the physical and chemical properties of fuels. Nineteen fuels including synfuels 
were used to accentuate the properties of concern! composition, viscosity and 
boiling-point distribution. Flaaw radiation and smoke were best correlated by 
hydrogen content rather then hydrocarbon structure; the soot formation was due to 
gas-phase reactions. Lean-blowout conditions were about the sane for all fuels 
except that gasoline could be burned leaner at idle conditions. Ignition limits 
were more sensitive to volatility than viscosity. Gaseous emissions and combustion 
efficiency were not significantly affected by fuel properties although some sen- 
sitivity to boiling point distri^tion was evident. Xn all perforsunce areas the 
syncrude fuels correlated in the sasm ways as the petro launder ived fuels except 
for the NO emissions from the nitrogen containing shale ‘oil fuel. 
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A-004-P. B-004-P 


8ynth«tie Putl/TUrbint Fu«l 


6*ll«gh«r, J.P., AlOO, VtT^, XllineU ''SYlRBms AMD ANALYSIS OP JR POBL PMOH 
SHALB OXL AMO COAL SYMCSV'DBS ' pr«par«d for NASA/Lowio Sooo^ireh Cmeor, Contract No. 
MAS 3*'X9747, MovanOar I97A. 

Abatract i Thirtjrtoo jat fual aaaplaa of varyirg propartiaa vara producad fron 
•hala oil and coal cynerudact and analyaad to aaaaaa tbair auitability for uaa. 
TOSCO XX ahala oil| H«CoaX and OOBD aynertidaa vara oaad aa atarting aMtariala. 


A*009"P Synthetic PuaXa 

Leaning, W. C., BartlaaviXla Energy Raaaardi Canter, Bartleavilla, Oklahoaa, "THE 
BEFXNXMG OP 8YMTHRXC CRUDE 0XL8" Report prepared for the BRDA, Technical Xnfor* 
action Canter, July 1976. 

Abatract t Xnvaatigation of aynthatic crude oila on the baaia of axpariaMntally 
datarainrd coapoaition of theaa oila and other publiahad inforaation. Charac- 
tariatica of the aynthatic crude oila «Aich indicate the crucial raquiraaanta for 
refining are raviavad. General introduction. 


A-006 Coal Convaraion 

Bditora of "Chaaieal Engineering Prograa "COAL PROCESSXMG TECHNOLOGY" publiahad by 
AICHE, 1977, from Oak Ridge National Laboratory (Rolmaa, Cochran, Edvarda, Joy, 
Lantc) 

Abatract t Evaluation of aavan coal carbon iaat ion procaaaaa, COAL CON, C8XR0 CUAN 
COKE, OOED, GARRETT, LORGX, CONSOL. Yield coaipariaoa of thoaa procaaaaa and 
oil/gaa production in relation to taatparatura and praaaura. 


AHJ07 Coal Convaraion 

Edvard, J. H., C8XR0 Diviaion of Procaaa Technology, North Ryde, M.8.V. "OIL-FROH~ 
COAL PROCESSES t A CRITICAL RALUATXOM FOR AUSTRALIAN OOMDXTXOMS" Sixth national 
Chemical Engineering Conference, Quaanaland, Auatralia. Novaabar 6-8, 1978. 

Abatract t The raaulta of a critical evaluation of nine coal liquafactlo.t procaaaaa 
are praaentad and diacuaaad vith a liat of "Pirat Ganaration" and acne "Second 
Generation" procaaaaa. 


A-008-P Coal Liquefaction 

The Ralph M. Paraoua Company "COAL UQUEFACTXOM PROCESS RESEARCH PROCESS SURVR" 
(HC Procaaa Daparcmant) prepared vith Union Carbide Corporation, Muclaar Diviaion 
for DOS, principal Contract Ho. H-740S-ang.-26, Dacambar 1977. 

Abatract t Data Source Book of the coal liquefaction procaaaaa, aelaecad from thoaa 
aurvayad and Judged to have a hi^ comMrcial potential. Contanrt Procaaa 
Diacription, Procaaa Davalopmant, Operating Conditiona and Produc;» of 32 coal 
liquefaction procaaaaa. 
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A-009-P Coal Liquefaction/Reaction Investigation 

Gary, Golden, Bain, Oickerhoof, Chemical and Petroleum-Refining Engineering. 
Departmoit Colorado School of Nines, Golden, Colorado. "CLEAN SOLID AND LIQUID 
FUELS FROM COALS" Quarterly Progress Report, July - September 1978, prepared for 
DOE, contract No. EX-76-C-0 1-2047, 12S pages. 

Abstract : Prelisiinary analysis of yield structure as a function of temperature and 
reactor residence time. An ancillary study to investigate the effects of mineral 
matter, gaseous hydrogen and residence time upon the conversion of a HVA bituminous 
coal is presented also. 


A-OlO Coal Oil/Crude Oi' 

Conses, R. E., Garre •*' G. M. , Weiszmann, J. A., UOP Process Division, Des Plaines, 
Illinois "CRUDE OIL VJ. a AL OIL PROCESSING COMPARISON STUDY" presented at AICHE, 
Boston, Massachussetts, August 1979. 

Abstract : This study evaluates three refinery schemes for the processing of H-Coal 
liquid obtained from the HRI coal liquefaction process: 

1. Hydrotreating of the middle coal distillate. 

2. Hydrocracking of the total coal distillate. 

3. Hydrotreating of the light coal distillate, and hydrotreating of the heavy 
coal distillate. 

To provide a perspective of the value of coal liquid relative to petroleum, a 
parallel set of petroleum refinery schemes was developed. 


A-Oll-P Coal Liquefaction/Properties 

De Rosset, Tan, Gatsis, Shoffner, Swensen; UOP Research Center, Des Plaines 
Illinois "CHARACTERIZATION OF GOAL LIQUIDS" Prepared for the ERDA, contract No. 
E(49-18) 2010, March 1977, 134 pages. 

Abstract ; Investigation to evaluate the processability of the primary products of 
coal liquefaction generated by three processes: Synthoil, SRC, H-Coal. Analytical 
characterization of charge and production streams. The results indicate possible 
upgrading of coal liquids using technology now available. 


A-012 Coal Conversion/Pyrolysis 

From Technical Data Book, IGT "CONVERSION FUNDAMENTALS" March 1977 
Abstract : Effect of Pressure on Pyrolysis. 

A-013-P Coal Conversion/Catalytic Hydrocracking 

Qader, S. A., Occidental Research Corporation, La Verne, California "CATALYTIC 
HYDROCRACKING OF COAL FOR CHEMICALS AND CLEAN FUELS" Papers for Presentation at the 
82nd AIChE National Meeting, Atlantic City, N. J. August/September 1976. 
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Abstract ; Process description and product analysis. 


A-014 Coal Liquefaction/Hydrogenation 

Falk, A. Y.» Bnery System Group, Rockwell International "PARTIAL LIQUEFACTION OF 
COAL BY DIRECT HYDROGENATION" Quarterly Progress Report October~December 1978, 
prepared for DOE, under contrect EX-Ib-C^Ol-IOAA, 10 pages. 

Abstract : Short introduction in the working program and brief process description. 
Final report should be finished by December, 1979. 


A-015 Coal Conversion/Upgrading 

DeRosset, A. J., Tan, G., Hilfisan, L. UOP Inc., Des Plaines, Iowa. "UPGRADE COAL 
DERIVED DISTILLATES" from Hydrocarbon Process ins . API Refining Meeting, May 1979, 
3 pages. 

Abstract ; Hydrotreating, hydrocracking, reforming and fluid catalytic cracking 
are tried on distillates from three coal liquefaction process to explore possi- 
bilities for alternate fuels. 

A-016 Coal Conversion /Fuel Specifications 

State Electricity Comnission of Queensland, Australia "RE: COAL CONVERSION 

STUDY". Letter from E. M. Robinson (Australia) to J. B. O'Hara (RMP) on June 7. 
1979. 

Abstract ; Specification sheets for: 

“ Aviation turbine fuels 

- Premium gasoline 

- Regular gasoline 

- Automotive diesel oil 
~ Industrial diesel oil. 


Coal Liquefaction/Fuel Treatment 

a) Peluso, M., D. F. Ogren, C-E Lumnus, Bloomfield, New Jersey "ANTISOLVENT 
DEASHING" 

b) Adams, Knebel, Rhodes; Kerr-McGee Curporation, Oklahoma City "CRITICAL 
SOLVENT DEASHING OF LIQUEFIED COAL" In Chemical Engineering Progress , pages 
41-48, June 1979. 



Abstract ; 

a) Advanced solid-liquid separation technique over current filtration. 

b) Deashing of a wide range of feedstock to less than 0.1 wt.Z. 
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A-018 


Coal Liquefacelon/Fuel Treatment 


Gallagheri Humea, Siemaaen, Atlantic Richfield Company, Harvey, lllinoia. "CAT- 
CRACKING TO UPGRADE SYNTHETIC CRUDES" in Chemical Engineer ina Progreaa , p. 56-62, 
June 79. 

Abatract : Fluid catalytic cracking of aynthetic crudea from oil ahale and coal 
Tcompariaon of different yielda). Influence on Nitrogen level. 

A-019 Coal Liquefaction /SRC and H-Coal 

The Ralph M. Parsons Company. "PROCESS ENINGEERING EVALUATIONS OF ALTERNATIVE COAL 
UqUEFACTlON CONCEPTS" (G. A. White, G. P. NcNamee, N. R. Patel, I. R. Ross- 
kowski) prepared for EPRl AF-741, Final Report, April 1978. 

Abstract ; Process engineering evaluatiwi of two coal liquefaction concepts: Sol- 
vent refined coal and a generic catalytic hydroliquefaction process. Engineering 
design and cost estimates for a southern Illinois location. Sise of plant 50,000 
FOE bbls/day. On site and off site power generation possibilities. Tables of 
product yield structure, basic information of products. 


A-020 Coal Liquefaction/SRC Hydrogenation Catal- 

yst 

Berg, L. , McCandless, F. P., Montana State University, Bozeman, Montana. "CATA- 
LYTIC HYDROGENATION OF COAL-DERIVED LIQUIDS" Interim Report for the period March - 
May 1979, prepared for DOE, contract Mo. E(49-18)-2034, June 1979 

Abstract ; Begin of test runs using catalysts for denitrogenation and desul- 
furization at 730^ and 1050 psig. 


A-021 Coal Liquefaction/Hydrotreating Catalyst 

SRC 

Potts, J. D., Hartings, R. E., Cities Service Company, Technology Assessment 
Department, Tulsa, Oklahoma. "COMMERCIAL SCALE EXPANDED BED HYDROPROCESS IMG OF 
SRC EXTRACT" Interim Technical Progress Report on Subtask I - Catalyst Screening, 
prepared for DOE, Contract Mo. EX-76-C-0 1-2038, August 1978, 63 pages. 

Abstract ; The objective of this sub task is to determine the effectiveness of 
coomercially available hydrotreating catalysts for improved denitrogenation. Set 
goal is 0.3 %rt.Z - 780-850^F fraction. 


A-022 Coal Liquefaction/SRC and Related Processes 

Guin, J. A., Tarrer, A. T., Coal Conversion Laboratory, Auburn University Department 
of Chemical Engineering Auburn Alabama. "STUDIES IN COAL LIQUEFACTION WITH APPLI- 
CATION TO THE SRC AND RELATED PROCESSES". Quarterly Report October - December 
1977, prepared for DOE, Contract Mo. EX-76-S-0 1-2454, 117 pages. 


A-7 


Abstract : Investigation of fundanental aspects of the coal conversion process, 
especially SRC. Influence of particle aise and catalyst (ninerals) on reaction. 
Research program. 


A-023 Coal Liquefaction/SRC 

The Pittsburgh & Midway Coal Mining Company, Shawnee Mission, Kansas "SOLVENT 
REFINED COAL (SRC) PROCESS" ()uarterly Technical Progress Report, July - September 
1978, prepared for DOE, Contract No. EX**76-C-01H)496, 87 pages. 

Abstract : Sumary of the progress of the SRC project by the Pittsburgh & Midway 
Company. Testing of a new type rotary drum filter, novel reactor and very short 
residence time and a study of solvent behavior at SRC II reaction conditions at the 
Fort Lewis Pilot Plant. At the process development unit P-99 a series of Pitts- 
burgh seam coals was tested to study the influence on feedstock effects and process 
variable effects. 


A-024 Coal I-iquefaction/H-Coal H-Treating 

Tan G., DeRosset , A. J., OOP Inc. Des Plaines, Illinois "HYDROTREATING AND 
REFORMING H-COAL PROCESS DERIVED NAPHTHAS" Interim Report from "UPGRADING OF COAL 
LIQUIDS" prepared for DOE, Contract No. EF-77-C-0 1-2566, April 1978. 

Abstract ; Evaluation of the applicability of comercial UOP hydrotreating and 
reforming processes to naphthas derived from the H-Coal process. Three naphthas 
were studied. The upgraded H-Coal naphtha and the two hydrocracked naphthas were 
reformed over a comercial platforming catalyst in bench scale continuous units. 
Datas were obtained at base pressure, 1.5 x base space velocity, and a range of 
temperatures for the purpose of constructing yield octane curves. 


A-025 Coal Liquefaction/H-Coal Catalytic Cracking 

Tan G., DeRosset UOP Inc., Des Plaines, Illinois "HYDROTREATING AND FLUID CATALYTIC 
CRACKING OF H-COAL PROCESS DERIVED GAS OILS". Interim Report from "Upgrading of 
Coal Liquids" prepared for DOE, Contract No. EF-77-C01-2566, August 1978. 

Abstract : Evaliuiting the applicability of connercial UOP hydrotreating and fluid 
catalytic cracking (FCC) processes to distillate liquids derived from H-Coal 
processes. Three UOP comercial catalysts were used to evaluate the relative 
hydrogenation activity. At base pressure, studies were conducted at five temper- 
atures and three space velocities, while at 500 pslg above base pressure studies 
were carried out at three temperatures and three space velocities. Three distinct 
feedstocks were studied. Two sets of processing conditions were employed to 
catalytically crack each of these feedstocks. 


A-026 (k>al Liquefaction/Upgrading H-Coal 

DeRosset, A. J., Tan, G., Hilfman, L., UOP, Inc., Des Plaines, Illinois "UPGRADING 
DISTILLATES FROM COAL UQUEF ACTION" . Annual Report for the Period January 78 - 
January 79. prepared for DOE, contract No. EF-77-C-0 1-2566, May 1979 (Upgrading of 
coal liquids). 
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Abstract t The annual report suimarises the firat ye>..*a of experinental work on the 
H-Coal distillates. Detailed reaulta ere given in the Interim Reports. The 
complete program will also include results from pr<<.essing EDS and SRC II distil* 
lates. These results will be presented in subsequet.t. Interim Reports and the Final 
Report. 


A-027 Coal Liquefaction/H*Coal 

Bernardi R. F., Hydrocarbon Research* Inc.* Lawrenceville* N. J.* "COAL CLEANING 
EFFECTS DURING H-COAL CATALYTIC LIQUEFACTION OF A WESTERN KENTUCKY COAL". Final 
Report* prepared for DOE* December 1978* Contract No. EH**78*C-22-026S{ 71 pages. 

Abstract : Two H-Coal bench scale liquefaction tests were performed to compare the 
hydro liquefaction behavior of two Kentucky No. 11 coals from the same mine: a run* 
of-mine coal with a high ash content and a deep*cleaned coal. The deep-cleaned 
coal exhibit greater coal conversion and greater residual oil yield than the run- 
of*mine coal. Detailed operating data with properties. 


A*028 Coal Conversion/H*Coal 

Tan, G.* DeRosset, A. J. UOP, Inc.* Des Plaines* Illinois "HYDROCRACKING OF H-COAL 
PROCESS DERIVED GAS OILS" Interim Report of "Upgrading of Coal Liquids" prepared 
for the DOE* Contract No. EF-77-C-01-2S66 November 1978* 133 pages. 

Abstract : Evaluation of applying commercial UOP hydrocracking processes to con- 
version of H-Coal atmospheric bottoias in bench scale continuous tests. Catalysts* 
process conditions and reactor sequence were varied to produce either gasoline* or 
environmentally acceptable No. 2 fuel oil. 


A-029 Coal Liquefaction/Lunsnus Process 

Schinelles, H. D., Long, R. H.* The Lumsus Company, Bloomfield* N.J. "DEVELOPMENT 
RESEARCH PROGRAM FOR CLEAN INDUSTRIAL AND TRANSPORTATION FUELS FROM COAL" Mile- 
stone Report on Solvent - Sufficiency with Equilibrium Solvent & Catalyst Life 
Testing, Period August 1977-July 1978. Prepared for the DOE, Contract No. EX-76-C- 
01-2514 February 1979, 58 pages. 

Abstract : Development program to establish conditions of optimum and reliable 
operability for the "Lummus Clean Fuel From Coal" (LCFFC) Process. The information 
is generated in two sub tasks covering - Solvent self-sufficiency with equilibrium 
solvent and catalyst life study. 


A-030-M Coal Conversion/Clean Coke Process 

USS Engineers & Consultants, Inc.* Pittsburgh Pennsylvania. "CLEAN COKE PROCESS: 
PROCESS DEVELOPMENT STUDIES, Final Report: Volume HI; Part 2 Process Economics" 

prepared for DOE* December 1978, 35 pages. 

Abstract : Economic evaluation of clean coke plant to process 12.43 X 10^ ^ns p.a. 

formcoke pellets, 1.5. w tons of chemical products and more than 33 X 10^^ Btu of 
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liquid fuel. Total inveatment $1.75 X 10 , with coke $150 per ton, chemicals $256 
per ton and $2.5 per million Btu, a 14 percent return on investment was projected. 


4~031 Coal Conversion/Clean Coke Process 

USS Engineers 6 Consultants, Inc., Pittsburg Pennsylvania. "CLEAN COKE PROCESS: 
PROCESS DEVELOPMENT STUDIES Final Report: Volume 111; Part 1, Final Process Design 
6 Economics" prepared for DOE, December 1978, 152 pages. 

Abstract ! Detailed proMSS description, with material balance for a commercial 
plant, charging 8.9 x 10 tons p.a. (Illinois No. 6). No product analysis. 


A-032 Coal Liquefaction/Dow Process 

Noll, N. G., Quardere, G. J., Dow Chemical, Midland, Michigan "THE DOW COAL 
LIQUEFACTION PROCESS" from Chemical Engineering Progress, November 1979, 5 pages. 

Abstract : Dow coal liquefaction process description with some characterstic data 

of the products, catalyst and feed. Bench-scale size of Process! 


^“033 Coal Liquefaction/Liginite With Synthesis 

Gas 

Appell, Miles, Illig, Moroni, Steffgen; PETC Pittsburgh Pennsylvania "COAL LIQUE- 
FACTION WITH SYNTHESIS GAS" prepared by Pittsburg Energy Technology Center for DOE 
PETC/TR-79/1. Published September 1979, 60 pages. 

Abstract : ^ Bench scale research and process development in batch autoclaves to 
liquefy lignite coal with synthesis gas. Extensive coal analysis and catalyst 
investigation, little product analysis and information. 


A-034-P Coal Conversion/Lignite Pyrolysis 

Steinberg, M., Fallon P., Brookhaven National Laboratory, Upton, N. Y. "FLASH 
HYOROPYRO LYSIS OF GOAL" in Chemical Engineering Process; p. 63-66, June 1979. 

Abstract ! Hydropyrolysis of North Dakota lignite. Experimental results indicate 
that the principal liquid yields are benzene and aromatic oil; gaseous yields are 
methane and ethane. 


'036 Coal-Liquefaction/H-coal Analysis 

Becker, M. et al, Mobil Research and Development Corporation, Paulsboro, New 
Jersey. "ANALYTICAL STUDIES FOR THE H— COAL PROCESS" Milestone Report for Composi- 
tional Analysis of Illinois No. 6 Syncrudes by Mobil Research and Development 
Corporation, New Jersey (co-authors Bendoraitis , J. G., Bloch, M. G., Cobal A. V., 
Callen, R. B., Green, L. A., Simpson, L. A.) prepared for the DOE contract No. EF- 
77-C-01-2676, 1979 (?). 
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Abstract: Analysis of R-Coal Syncrude product streaiss of Illinois No. 6 coal, have 
been obtained froo the Trenton, New Jersey Process Developnent Unit of Hydrocarbon 
Research, Inc. Physical and Cheisical Properties, Trace Hetal Content, and coapari- 
aon with equivalent Petroleum of the three factions: Naphtha, Light Fuel Oil, 
Heavy Fuel Oil. 

A-037 


Tan, G. DeRosset, A. J., OOP Inc., Des Plaines, Illinois. "UPGRADING OF COAL 
LIQUIDS" "HYDROTREATING AND REFORMING EDS PROCESS DERIVED NAPHTHAS". Interim 
Report, prepared for the DOE, February 1979. 

Abstract : Investigation of Naphtha from Exxon Donor Solvent process end processing 
in pilot plants into 100 octane motor fuel by conventional refinery processes, 
using comercial UOP catalysts. 

A-038 Coal Liquids /Upgrading to GT Fuel 

Bendoraitis, J. G. et al, Mobil Research and Development Corporetion, Paulsboro, 
New Jersey. "UPGRADING OF COAL UQUIDS FOR USE AS POWER GENERATION FUELS". Phase 
I Report, January 1976, prepared for the Electric Power Research Institute, No. RP 
361-1. 

Abstract : Study on upgrading three coal liquids for use as gas turbine fuel. SRC 
and H-Coal from Illinois No. 6 coal and synthoil from West Virginia coal. The 
areas Of work included the analytical characterisation of coal liquids, the compa- 
tability with selected petroleum fuels, estimation of potential turbine fuel 
specifications for coal liquids, and some exploratory process studies. 


A-039 Coal Liquefaction, SRC 

Johanson, E., Hydrocarbon Research, Inc., Trenton, New Jersey. "SOLVENT REFINING 
OF ILLINOIS NO. 6 AND PITTSBURGH NO. 8 GOALS". Final Report, June 1975, prepared 
for EPRI Proejct No. RP 389. 

Abstract ; Program cf three continuous bench unit runs providing results of the 
effect of backmixing in the contacts during SRC operations. The runs were per- 
formed with Illinois No. 6 and a low aulfur and hi(^ sulfur Pittsburgh Seam coal. 

A-040 (Microfiche) 

U.S. Dept, of the Interior, Bureau of Mines, "50,000 - BARREL - PER-DAY LIQUID 
FUELS PLANT, H-OOAL PROCESS - HYODAK COAL, AN ECONttllC ANALYSIS", Prepared for 
ERDA, »arch 1976. 

Abstract : Economic evaluation of an integrated plant sited and designed to produce 
50,000 BPSD of Liquid product from wyodak ROM coal. The process design basis and 
yields for this plant were taken from work done by Hydrocarbon Research INC. 

A-041 Synfuels/Properties 

Reynolds, T. W. , Niedtwiecki, R. W. , Clark, J. S., NASA Lewis Research Center. 
"LITERATURE SURVEY OF PROPERTIES OF SYNFUEL8 DERIVED FROM COAL". Preliminary 
edition, prepared for DOE No. EG-77-A-01-2593, February 1979. 
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This rsport is sa interim literature survey of the properties of sya- 
^uele for ground-based gee-turbine epplieations» compiled to December 1977* Four 
major concepts for converting coal into liquid fuela are described: solvent 
extraction* catalytic liquefaction, pyrolysis, and indirect liquefaction. Data on 
full-range syncrudes, various distillate cuts, and upgraded products are presented 
for fuels derived from various processes, including H-Coal, Synthoil, Solvent- 
Refined Coal, COED, Donor Solvent, Zinc Chloride Hydrocracking, Co-Steam, and 
Flash Pyrolysis. Some typical ranges of data for cosi-derived lov-Btu gases are 
also presented. 


A-043 (Microfiche) Synthetic Fuels/Aviation Turbines 

C. D. Kalfadelin, Exxon Research and Engineering Company, Linden New Jersey. 
"EVALUATION OF METHODS TO PRODUCE AVIATION TURBINE FUELS FROM SYNTHETIC FUELS" May 
76, NTIS AD-A036190. 

Abstract : Engineering planning study of the effect of processing shale in a 
refinery processing both shale oil and petroleum to a full produced shale including 
jet fuel. The EXXON RESCUE Linear Program for refinery planning was used for the 
analysis. Base case studies for Paraho, Tosco and Garrett shale oil was made. 


A-044 (Microfiche) 

Schmid, B. K., Koenig, J. C., Jackson, D. M. , Gulf Mineral Resources Co., "ECONOMIC 
AMD MARKET POTENTIAL F(« SRC II PRODUCTS", Presentation at the 6th Annual Inter- 
national Conference on Coal Gasification, Liquefaction and Conversion to Electri- 
city, University of Pittsburgh, PA, July/August 1979. 

Abstract : Market and selling price of SRC 11 fuels based on fourth quarter 1978 

prices. It is expected that SRC II fuel oil will becosm competetive with petro- 
leum-derived fuels within the next decade. For the longer term the major growth 
opportunity for SRC II fuel oil is expected in the generation of electric power. 

A-045 (Microfiche) 

Mongbri G. "SOLVENT REFINING OF WEST KENTUCKY 9-14 GOAL" May 1977, Hydrocarbon 
Research, Inc., Trenton, New Jersey. NTIS EPRI-AF-499. 


A-047 (Microfiche) 

Lewis, H. E., Weber, H. H., Hooks, H. W. "SRC PROCESS OPERATION OF SRC PILOT PLANT 
AT HILSONVILLE, ALABAMA". Annual Report January-December 1976, Catalytic Inc., 
Hilsonville, Alabama. NTIS EPRl-AF-585. 


A-048 (Microfiche) 

Zahnsteches, L. W., C. V. Chen, S. Bernstein. "CLEAN DISTILUTE FUELS PILOT PLANT 
CONCEPTUAL STUDY", Final Report, April 1978, Foster Wheeler Energy Corporation, 
Livingston, New Jersey; NTIS EPRI-AF-622. 


A-049 (Microfiche) 


Droege, J. H., 8. P. Chauhan, W. H. Seitter, J. M. Robinson, "BENCH SCALE COAL 
UQUEFACTION STUDIES" and "PROCESSING COAL DERIVED LIQUIDS BY KVB PROCESS", Final 
Reports February 1978, Battalia Columbus Labs, Ohio and KVB, Inc., Tustin, Cali* 
fomia. NTIS EPRl-AF-612. 


A*050 (Microfiche) 

Mongbri, G., A. J. Kapsalopoulou, "SOLVENT REFINING OF INDIANA V COAL AND NORTH 
DAKOTA LIGNITE", January 1978, Hydrocarbon Reaearch, Inc., Lawrenceville, New 
Jersey. NTIS EPRI-AF-666. 


A-051 (Microfiche) 

"H-COAL INTEGRATED PILOT PLANT", Final Report, March 1978, Hydrocarbon Research 
Inc., Trenton, Mew Jersey, NTIS EPRI*AF-681, Vol. 1. 


A-052 (Microfiche) 

"H-COAL INTEGRATED PILOT PLANT", Final Report, March 1978, Hydrocarbon Reaearch 
Inc., Trenton, Mew Jersey, MTIS-AF-681, Vol. 2. 


A-0S3 (Microfiche) 

Dabkowski, M. J., R. H. Heck, T. R. Stein, "ECONOMIC SCREENING EVALUATION OF 
UPGRADING GOAL LIQUIDS TO TURBINE FUELS", Final Report, March 1978, Mobil Research 
and Development Corporation, Faulsboro, New Jersey, NTIS EPRI-AF-710. 


A-054 (Microfiche) 

Lewis, N. E., H. H. Weber, G. B. Usnick, W. R. Hollenack, H. H. Rooks, "SRC PROCESS 
OPERATION OF SRC PILOT PLANT AT HIL80NVILLE, ALABAMA", Annual Report January- 
December 1978, Southern Company Services, NTIS EPRI*AF-867. 


A-055 (Microfiche) 

Stein, Cobal, Callen, Dabkowski, Heck, Simpson, Shih, "UPGRADING OF COAL LIQUIDS 
FOR USE AS POWER GENERATICW FUELS", December 1978, Mobil Research and Development 
Corporation, NTIS EPRI-AF-873. 


A*056 Microfiche) 

Deno, M. C. , B. a. Creigger, A. D. Jones, W. C. Rakitsky, 8. G. Stroud, "COAL 
STRUCTURE AND COAL LIQUEFACTION", Final Report, May 1979, Pennsylvania State 
University, NTIS EPR1-AF-960. 
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A-057 (Microfiche) 

Bertolacini, R. J., L. C. Gutberlet, D. K. Kim, K. k. Robinson, "CATALYST DEVELOP- 
MENT FOR GOAL LIQUEFACTION", Final Report, January 1979, Anoco Oil Company, Naper- 
ville, Illinois, NTI8 EPRI-AF-1084. 


A-058 (Microfiche) 

Sage, W. L., W. Downs, P. L. Cioffi, "CHARACTERISTICS OF SOLVENT REFINED COAL: 
DUAL REGISTER BURNER TEST", Final Report, January, 1978, Babcock and Wilcox 
Company, Alliance, Ohio, Research Center, NTI8 EPRI-FP-628. 


A-059 (Microfiche) 

Downs, W., A. J. Rubasco, "CHARACTERIZATION AND COMBUSTION OF SRC II FUEL OIL", 
Final Report, June 1979, Babcock and Wilcox Company, Alliance, Ohio, NTI8 EPRl-FP- 
1028. 


A-060 (Microfiche) 

Dickson, E. M., R. V. Steele, E. E. Hughes, "IMPACTS OF SYNTHETIC LIQUID FUEL 
DEVELOPMETt ASSESSMENT OF CRITICAL FACTORS", Vol II analysis 76-129/2 SRI Project 
EGU-350S; Stanford NTI8 ERDA-76-129/2. 


A-061 (Microfiche) 

Dickson, Yobroff, Kroll, White, Walton, Ivory, Pullen, Weisbecker, Hays, "8YN 
THETIC LIQUID FUELS DEVELOPMENT: ASSESSMENT OF CRITICAL FACTORS", May 1977, Stan 
ford Research Institute, Menlo Park, California, NTIS ERDA-76/ 129/3. 


A-062 (Microfiche) 

Steele, R. V., K. J,, Sharma, E. M. Dickson, "SYNTHETIC LIQUID FUELS DEVELOPMENT: 
ASSESSMENT OF CRITICAL FACTORS", Volume IV, May 1977, Stanford Research Institute, 
Manlo Park, California, NTIS ERDA-76- 129/4. 


A-063. B-015 (Microfiche) 

Gallagher, J. P. et al, "SYNTHESIS AND ANALYSIS OF JET FUEL FROM SHALE OIL AND COAL 
SYNCRUDES", Novenber 1976, Atlantic Richfield Company Harvey, Illinois, NTIS N77- 
12230. 


A-064 (Microfiche) 

Dunbar, D. N., et al, "COMPUTER MODEL FOR REFINERY OPERATIONS WITH EMPHASIS ON JET 
FUEL PRODUCnON, VOLUME 3, DETAILED SYSTEMS AMO PROGRAMMING DOCUMENTATION", Final 
Report, June 1978, Jordan Associates, Mew York, NTIS: N78 2523S. 

A-065 (Microfiche) 

Lichtblau, J. H., "AVAILABILITY OF LIQUID FUELS FROM CONVENTIONAL SWRCES FOR 
ELECTRIC UTILITY GAS TURBINES L975-1985", Final Reort, May 1977, California 
University, Livermore, Lawrence Livermore Laboratory, NTIS: TlD-27648. 
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A-066 (Mierofieha) 

"PR0P08BD 8YMTI1BTIC TOILS OOMtEICIAL DEHOMSniATXON FS06RAM FACT BOOK*', March 1976 
BKDA, mns TID-27777. 


A-067 Coal Liquafaecion/Proparcias 

Saicha, N. K., 8. R. Laa-Bachthold, W* D. Cood, Bartlaavilla Bnargy Tachnology 
Cantar, '*THBRHODYNAMXC PBOPBRTXB8 OF NAmXALS DBRXVBD FROM COAL LXQUBFACTXOH", 
Baport Ro. OOB/BBTC/Tn 79-2, January 1980. 

Abatract t Maaturing of anehalpiaa of coabuation and haaC eapacitiaa of uall- 
dafinad fractiona of coal darivad aatariala. Tha aata of fractions case fro* fiva 
sourcaa and four procassas. 

A-068 

Rogars K. A., R. F. Hill, BSOOB, Vnshington D.C., "GOAL CONVERSION COMPARISONS*', 
Raport by the Bnginaaring Sociatias Gonaistion on Bnargy, Inc. for DOE, July 1979. 

i^tract ; Ihia B8C0E Report axaainas taehologias for producing tubstituta fiials 
j^m/uais) fron donastic coal. Techniques for coaparaion am davalopad and ap- 
plied to fourteen coal conversion procassas. 

Hie conclusion is nada that naiqr pmeessas am ready for conaarcial daaonstrat- 
ion, but at costs graatar than for conventional patmlaia ftials. All product 
costs in tha raport are based on tha recently published ESCCW costing quicklinas 
using both utility and private venture financing. All costs am in aid-1979 
dollars. 


A-069 

Ralph M. Parsons Corp., "LIQUEFACTION TECWlOLOGy ASSESSMENT', Final Raport with 
Ibiion Carbide Corp. for tha DOE, July 1978. 

Abstract ; Result of an investigation of coal liquefaction pmeessas that are 
under (iavalopaant . 


A-070 

Bonnes and Moore Associates, Inc., Houston, Texas, "ECONOMIC EVALUATION OF GOAL 
BASED SYNTHETIC CRUDE", Prepared for ERDA, April 1975. 

Abstract : The study establishes coal-basad synthetic crude oil as a mw aat- 
arial to all types of patmlaua refineries. Coqparison between syncrude cases 
and non-syncrude cases yielded tha econonic msults required for evaluation of 
syncrude's worth to the refining industry. 


A-071 

Bendoraitis, J. C. at al, Mobil Res. and Dev. Corp., TOulsbom, N. J., "W- 
GRADING OF GOAL UQUIDS FOR USE AS POKER GENERATION FUELS", Prepared for EPRl, 
January 1976. 
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Mutract ; Phut 1 of a ttud)r on t^gradlng coal liquids fM» SRC, H-Coal and 
Synthoil procestas. Analytical charactarixation ^ coal liquids and com* 
parison with patrolaua fuals. 


A»072 

Stain, T. R., at al, Mobil Ras. and Dav. Corp., Paulsboro, N. J., UPGRADING 
OF COAL LIQUIDS FOR USE AS PONER GENERATION FUELS", Annual Raport, Dacaabar 
1978. (Co-authors: Cabal, Callan, Dabkowski, Heck, Sinpson, ^ih) 

Abstract ; Rasidual coal liquids wars hydroprocassad in a fixad bad hydro - 
procassing unit. Tast-runs wara parfomad with H-Coal and SRC syncrudas. 


A-073 

Mulik, P. R., at al, Mobil Ras. and Dav. Corp., Paulsboro, N. J., "AN INVESTI- 
GATION OF TOE UTILIZATION OF COAL-DERIVED LIQUID FUELS IN A COMBUSTION TOR- 
BINE ENGINE", Annual Raport, Dacanbar 1978, Praparad for EPRl. (Co-authors: 
Singh, Chanbarlin, Duxubay. ^anglar, Paulukonis) 

/d>stract : A sarias of four SRC-liquids and thraa H-Coal liquids wara avaluatad 
in an axistingprassurixad conbustor passaga. Tha liquid fuals variad in qual- 
ity fron raw procass solvant to coal liquids that wara upgradad via savara 
hydroprocassing . 


A-074 

NASA/Lawis, "FUEL PROPERTIES", fron "Litaratura Survey of Propartias of Syn- 
fuals Darivad fron Coal". 

Abstract: Schanatics of coal convarsion procassas and dascription. 


A-075 (Microfiche) 

Graskovich, E. J., Air Products and Chanicals, Inc., Allantown, PA., "CHEMICAL 
CHARACTERIZATION, HANDLING, AND REFINING OF SRC TO LIQUID FUELS", Final Raport, 
Juno 197S - Juna 1976. Saptanbar 1977, FE-2003-27. 

Abstract ; A bibliography relating to tha charactarixation and refining of sol- 
vant-rafinad coal ^ coal-darivad liquids has bean praparad. Analyses and char- 
actarixation tests of Nilsonvilla and Ft. Lewis SRC promts show that they neat 
or axcaad tha low-ash, low-sulfur specifications. No significant inter- or 
intra-dnin variations in composition occurred. Various analytical nathods have 
bean avaluatad for use of SRC notarial are discussed: Agglonaration, sintering 
at or above 200 *F., clogging of screens, consolidation and packing, grinding 
b^vior, plugging burners, storage behavior, weathering, adhesion in pnaiaatic 
transport, ate. Finally, a unit is being constructed for dasulfuri ration, dani- 
troganation and hydrocracking of SRC with solvant. Results of initial runs are 
reported. 
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A-07» CNierofieht) 

Aextl, T. «t xlyExxon Rtsttreh and Bniirntrini Go., Baytown, Tax., "CHBaCAL 
FROPBRTZES OP 8YN1WIL PRODUCTS AND FEEDS**, Pinal Report, Part S, SaptaBbtr 1976, 
NERC-8007-1 (Pt. S) 

Abstract: Tablet of the ehanleal conpoaition of coal extracts and coal liquid 
presets fron the synthoil process are presented based on ehsalcal analysis or 
■ass spectronetry of saaples fractionated in various ways. (Extraction in various 
solvents, gas chroaatography, etc.) 


A«077 (Nicrofiche) 

Holnes, S. A., et al, Bureau of Nines, Bartlesville, OK., Bartlesville Energy 
Research Center, *'CHARACTER1ZATI0N OF COAL LIQUIDS DERIVED FRON THE H-CQAL 
PROCESS*', November 1976, BERC-RI-76-10. 

Abstract : Conpositional data of coal liquid products derived froa the H*Coal 
process were obtained. TWo overhead products (one fron the fuel oil node of 
operation and the other froa the syncrude aode of operation) were prepared by 
l^drocarbon Research, Inc. from Illinois No. 6 coal. The cosqpositional data of 
these products are tabulated, and characteristics of the Mterials are discussed. 
Seraration and characterization methods, with slight modification, at developed 
by the Bureau of Nines - API Research Project 60 for characterizing heav) ei^s 
of petroleum, were successfully used in analyzing coal liquid distillates with- 
in the boiling range 200*to 540* C. Distillates boiline below 
200* C. were separated and analyzed using chromatographic and spectral tech- 
niques. 


A-078 (Nicrofiche) 

Aczel, T. , et al, Exxon Research and Engineering Co., Baytown, Tex., **CHENICAL 
PROPERTIES OF SYNTHOIL PRODUCTS AND FEEDS*', Feb. 1977, NERC-8007-1 (Summ.) 

M>stract : Data obtained on the chemical properties of synthoil products and 
feeds are summarized. Emphasis is placed on the overall characterization, the 
individual confounds and carbon number homologs determined in the oil fract- 
ions, the structural parameters calculated for the asphaltene fractions and the 
possible correlations between product co^>osition and processing conditions, the 
detailed data are published in a five volume final report entitled "Chemical 
Properties of Synthoil Feeds and Products* are extremely complex materials that 
can, however, be characterized in detail with the proper analytical methodology. 
The scope of the characterization can be gauged to the immediate or longer range 
process requirements. Significant correlations exist between product composit- 
ion and processing conditions. The main effects of the process, apart frM the 
ircrease in the oil fractions, include a drastic decrease in the sulfur contmt 
and a significant increase in hydroaromatic components. 


A-079 (Nicrofiche) 

Schultz, H. , et al., Energy Research and Development Admin., Pittsburgh, PA. 
Pittsburgh Energy Research Center, "DISTRIBUTION OF SONE TRACE ELDOTS IN THE 
1/2 TON PER DAY SYNTHOIL PROCESS DEVELOPNENT UNir*, Feb. 1977. PERC/Rl-77/2. 
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Abstract ; The synthoil' l/2 - ton p«r day procass dtvaloinwnt unit 
(PDU) was cartful ly aaqpltd in an attanpt to dtttmine the distribution. In 
all inoctss streaaw, of sovoral tract tltatnts which tnttr tht PDU in tht fttd 
coal, rtsults for six nttals (ChroaiiuB, Copptr, Mangantst, Nicktl, Cadaiun, 
and Load) indicate that tht stapling proetdurts and analytical atthods dc> 
scribtd givt good aattrial balancts for tht PDU and thrtt subunits within tht 
PDU. Iht Itvtls of all six tract tltarats wtrt lower in tht product oil than 
in the fttd coal. Tht ctntrifligt residue was tht priaary sink for the tract 
tltatnts. 


A-080 (Nicroficht) 

Dtrosstt, A. J., tt al, UPO. Inc., Dts Plaints, 111., "CHARACTERIZATION OF COAL 
LIQUIDS**, March 1977, PB-2010-09. 

Abstract ; Tht objective of this investigation is to evaluate tht proctss*ability 
oi the priaary products of coal liquefaction generated by three ERDA sponsored 
processes: Synthoil, Solvent refined coal (SRC), and H-Coal. The study entails 
actual bench scale processing of coal liquids and an in*depth analytical character- 
isation of charge and product streaas. The results are intended to indicate the 
nature and degree of possible upgrading of primary coal liquids using technology 
now available in the petroleum refining industry. Six primary coal liquids were 
filtered and hydrotreated under commercial conditions. Using a fixed b^ of com- 
mercial catalyst. These included synthoil, H-Coal Hydroclone underflow, and 
four SRC process streaas— SRC filter feed, SRC filtrate and solvent refined coal 
itself, both neat and cutback with process solvent. In all cases catalytic hydro- 
treating was able to substantially eliminate sulfur and bensene insoluble matter. 

A 90% reduction of Heptane-insoluble matter and 80% reduction in N content could 
be achieved with SRC and H-Coal liquids. Catalyst stability was affected by metals 
amd particulates in the feed. None of the products, as received, can be consider- 
ed am acceptable feedstock to a conventional fixed bed hydrotreating unit. The 
ash remaining will agglomerate with the solid catalyst pellets and shorten catalyst 
life. Tow of the hydrotreated coal oils, synthoil and OtC, were further processed 
under commercial conditions over a fixed bed of commercial hydrocracking catalyst. 
Catalyst stability was unsatisfactory when the total iqpgraded products were pro- 
cessed. An asphaltene- free vacuum gas oil derived from hydrotreated synthoil 
responded satisfactorily to hydrocracking. 


A-081 (Nircofiche) 

Droege, J. N., et al, Rattelle Columbus Ubs., Oh., **PHYSICAL PROPERTIES OF 
SYNTHOIL PRODUCTS*', Final Technical Report, July 6, 1977, BMI-01040S. 

Abstract ; Measurements of viscosity and electrical properties have been made from 
syntkoil product oils and preheater specimens at elevated temperatures and pres- 
sures. These properties were measur^ in a single apparatus designed for the pur- 
pose. Viscosities were measured bya modified falling-cylinder method. A known 
force was applied to move the bob axially while the rate of notion was measured, 
both by magnetic cotq>ling across the pressure boundary. The bob was insulated 
from the autoclave and used as an electrode for electrical measurements. The pro- 
duct oils and preheater specimens showed the viscous properties of binghan fluids. 
Hie yield stress was small CMpared to shear stress observed in the measurement 
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and encountered in puaq;>ing. Relationships were developed between the pressure 
and twaperature coefficients of viscosity and between the viscosity and electrical 
resistivity. Both tosperature and pressure coefficients of both viscosity and 
resistivity were found to be high for high properties with time were observed 
for product oils. At the higher taqperatures required for preheater specimens, 
an increase in viscosity with time was observed for some, but not for all speci* 
mens. 


A»082 (Microfiche) 

Briggs, D. E., et al, Michigan Univ., Ann Arbor, Ml., “PHYSICAL AND CHEMICAL 
BEHAVIOR OF LIQUEFIED COAL IN SOLIDS SEPARATION*', Quarterly Report, ^ril-June 
1977, July 1977, FE-25S0-3. 

Abstract : 4. a* Q bis- (Hydroxyphenyl) alkanes and 4- e,0 
dipyridyl or diquinolyl alkanes were synthesized and purified to yield 
crystalline solids to provide model asphaltene conqponents. There conqpounds 
could account for the middle-field portion of asphaltene NMR spectra. Neutron 
activation was used to measure the metal contents of liquefied coal residues, 
extracts and GPC fractionated samples. Repairs and modifications to the filtrat- 
ion equipment were completed and recalibration of differential pressure instru- 
ments begun. The design of a sample holder and cell for small angle x-ray scat- 
tering experiments to measure the size-configuration of asphaltene colloids was 
coB^leted and cell manufacture begun. E:q>erimental equipment to measure the 
electrical conductivity and dielectric constants of asphaltene solutions was 
calibrated. Adsorption equilibrium data between an asphaltene in nitrobenzene 
and alumina were obtained. Asphaltene adsorption from pyridene onto alumina 
at equilibrium concentrations up to 25 weight percent were taken. Streaming 
potential measurements were begun for the flow of asphaltene solutions through 
fixed beds. The effect of drying and heating on the viscosity of an asphaltene 
fraction was examined. 


A-083 (Microfiche) 

Blatisberger, R. J., et al, Univ. of No. Dakota, Grand Forks, Mont., “COMPARISON 
OF SOLVENT REFINED LIGNITE WITH SOLVENT REFINED BITUMINOUS COALS", October 1977, 
FE-2211-7. 

Abstract : Comparison of laboratory deashed saaples of solvent refined lignite, 

subbituminous and bituminous coals on the basis of gross combustion analysis, 
acid and basic titers, molecular weight, nuclear magnetic resonance, ultraviolet 
and electron spin resonance spectra including various derived parameters in- 
dicated that there is relatively little difference between the range of values 
for lignite and bituminous coal derived solvent refined products. The probability 
that coal nitrogen content is reflected in the solvent refined product was noted. 


A-084 (Microfiche) 

Broccoardo, M. R., et al,Johns-Manville Sales Corp., Denver, Colo., "VISCOSITY, 
SUSPENDED SOLIDS, AND FILTRATION STUDIES OF LIQUEFIED COALS", December 1977, 
EPRI-AF-614. 
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iU>8tract : Studies were made of viscosity, vapor pressure, suspended solids 
characteristics, and filtration properties of several liquefied coals. Vis- 
cosities and vapor pressures were aeasured at teeq)eratures iq> to approx. 

370* C.(700* F.) with a synatrol viscosity instrument. The effects of solvent 
dilution and suspended solids on viscosity were also studied. Residual gases 
formed by holding saaqples of liquefied coal at elevated teiiq>eratures followed 
by cooling were analyzed on a gas chromatograph. Mineral and chemical analyses 
were made of suspended solids. Particle size analyses were made of pyridine 
insolubles using light scanning electron microscopes and computerized particle 
size analysis techniques Median particle sizes determined for several coals 
were approximately 0.5 micrometer coiiq;>ared to average particle sizes of 1.6 
to 8 micrometers as measured by particle counters. A laboratory filter capable 
of operating at tq> to 400 PSIG and 700* F was designed and constructed. 

The effects of tenq>eratuTe, differential pressure, viscosity, solvent addition, 
and body feed addition on filtration rates were studied. Theoretical calcul- 
ations of filtration data were made to show average cake resistance, cake com- 
pressibility, constant rate cycle lengths for different filtration rates, and 
rotary drum pressure precoat filtration rates at different drum rotation speeds. 


A-08S (Microfiche) 

Sturm, G. P.,Jr.,et al. Dept, of Energy, Bartlesville Okla. Bartlesville Energy 
Research Center, "CHARACTERIZATION OF A COLSTRIP COAL LIQUID DERIVED FROM THE 
ZINC CHLORIDE HYDROCRACKING PROCESS", May 1978, BERC/RI— 78/4. 


Abstract : In continuing series of characterization studies, the Bartlesville 

Energy Research Center characterized two distillates and a residue fraction de- 
rived from a col strip coal liquid produced by the Conoco Coal Development Co. 
Molten zinc chloride catalytic liquefaction process. Procedures established in 
earlier work on the heavy ends of petroleum, were slightly modified and applied 
to these materials. The techniques include several applications of chromato- 
graphy and instrumental analyses. Although only 40% of the original coal liquid 
was submitted for analyses, the results were unique in that the portion of the 
coal liquid analyzed contained a significantly higher amount of monoaromatics 
as compared to other liquids characterized by use of these procedures. 


A- 086 (Microfiche) 

Robinson, R. L., Jr., Oklahoma State Univ., Stillwater, School of Chemical Engin- 
eering, "PHASE EQUILIBRIUM AND VOLUMETRIC PROPERTIES OF COAL-DERIVED FLUIDS", 
1978, FE-2278-8 

Abstract ; The thermodynamic properties of fluid mixtures are required for ac- 
curate design of equipment in which such fluids are stored, transported or sepa- 
rated. The basic goal of the present project is to obtain data for components 
and conditions where information is currently lacking. The mixtures studied will 
be chosed to i^proximate those which occur in the processing of coal-derived 
fluids. The research is divided into three major areas as follows: 1) Design, 
construction and operation of a Eumett-type apparatus for measurement of volu- 
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metric properties (pressure-volume-ten^erature-composition relationship) of 
gases, and measurement of the properties of the pure substances and selected 
mixtures of H 2 , CO, CH 4 and H^O at conditions from ambient 
to SCO* F and 2,000 PSIA; Z) Design, construction and operation of a 
variable*volume, windowed phase-equilibrium cell capable of operation to 800* F. 

and 2,000 PSIA, and measurement of vapor-liquid equilibrium in mixtures com- 
posed of selected light hydrocarbons/heavy aromatic hydrocarbons/water; and 
3) Testing and/or development of prodiction methods for estimation of volu- 
metric properties and phase equilibrium in mixtures of the type studied experi- 
mentally, and presentation of results in format suitable for use in process 
design calculations. 


A-087 (Microfiche) 

Griest, N. H., et al, Oak Ridge National Ub., Tn., "RELATIVE CHEMICAL COMPOSITION 
OF SELECTED SYNTHETIC CRUDES", 1978, C0NF-781150-4. 

Abstract: A knowledge of the conq>osition of syr.thetic crudes can provide an 

important input into the assessment of occupational exposure monitoring require- 
ments for the coal conversion and oil shale industries. This paper summarizes 
comparative conq>ositional studies of coal-and shale-derived crude oils with 
petroleum crude oils as a reference point. 


A-088 (Microfiche) 

Downs, N., et al, Babcock and Wilcox Co., Alliance, OH. Research Center, "CHAR- 
ACTERIZATION AND COMBUSTION OF SRC II FUEL OIL", Final Report, June 1979, 

EPRI-EP 1028. 

Abstract : This report deals with an experimental evaluation of the SRC II pro- 
cess^s principal product, solvent refined coal fuel oil (SRC fiiel oil), for use 
with commercial scale steam generating equipment. The purpose was to identify 
problwBS, if any, associated with handling, storing, pumping, and burning SRC 
fuel oil. Detailed fuels characterization analyses were performed and coiq>ared 
to petroleum distillate products. An industrial boiler rated at a steam flow of 
45,000 LBS/HR was utilized for combustion tests. Modifications made to the boil- 
er facility included connection of an existing air heater to supply combustion 

air at 400* F. , revamping of the boiler controls to permit biasing of the 
fuel/air ratio, installation of a high pressure mechanical return flow pumping 
and atomization system, various gas and particulate analysis instrumentation. 
Combustion tests were performed with SRC fuel oil. No. 2 fuel oil, and No. 5 
fuel oil. Operating variables included load, excess air, and burner register 
settings. The laboratory fuel analyses indicated that in most respects this SRC 
fuel oil sample behaved similarly to No. 2 fuel oil. The combustion test con- 
firmed that SRC fuel oil burns similarly to No. 2 fuel oil with one notable 
exception, NO emissions were substantially higher than for either the No. 2 
or No. 5 fuel oils. It was concluded that SRC fuel oil will require the applicat- 
ion of NO, combustion control techniques to meet the proposed new source 

performance standards of O.S pound NO^^ /million Btu when burned in power 
boilers equipped with wall-mounted burners. 
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A-089 (Mircofiche) 

Qie, S. C.( et al, Occidental Research Corp.» LaVeme, CA, "PROPERTIES OF COAL 
LIQUIDS PRODUCED BY THE OCCIDENTAL PLASH PYROLYSIS PROCESS", Nov. 15, 1976, 
CONF-760885. 

Abstract ; A discussion is presented on the liquids prepared by Flash Pyrolysis 
o^ Coal. Ihe cosqpany has had a process to accos^lish this under development for 
several years. Srae background information on the process is given followed by 
a discussion of the tars prepared and a comparison of thm with coal tars from 
two other pyrolysis approaches. Pyrolysis of coal is analogous to distillation 
of crude petroleum in that coal is separated into fractions. 

A-090 (Microfiche) 

Fruchter, J. S., et al, Battelle Pacific Northwest Labs., Richland NA, "HIGH 
PRECISION TRACE ELEMENT AND ORGANIC CONSTITUENT ANALYSIS OF OIL SHALE AND SOL> 
VENT - REFINED COAL MATERIALS", Nov. 1976. BNNL>SA-6001 . 

Abstract : The application of a number of sensitive and precise methods for the 
determination of trace elements, heavy element species and organic cosqpounds in 
materials from an oil shale research retort process and from a sol vent -refined 
coal pilot plant operation are discussed. Ihe methods were chosen both for their 
sensitivity, and also for their relative freedom from interference effects. 

Coal liquids contain much higher concentrations of aromatic compounds, including 
Polynuclear Aromatic Hydrocarbons (PNA's). A larger relative fraction of the 
PNA's in shale oil are alkyl substituted. Coal liquids are also considerably 
higher in Phenols (28 percent) than is shale oil (2 percent). N-Heterocyclics 
are present in higher concentration (greater than 8 percent) in shale oil due 
to the high nitrogen content of the raw shale. Hydroaromatics are common in 
coal liquids but negligible in shale oil. Inorganic elements and speciation 
measurements indicate significant amounts of the toxic heavy elements HG, AS, 

ZN, and SE in effluent oil water and gas streams. In addition, the process 
water contains significant CO, BR, SB, and U. Raw oil shale is highly enriched 
in SE, AS, and SB and somewhat enriched in U, PB, CS, HG, and ZN. Solvent- 
refined coal liquids were found to be relatively low in most trace elements. 

The majority of trace elements are concentrated by the process into the mineral 
residue. Only BR and HG are not depleted in solvent-refined coal. Other trace 
elements still remaining in significant amounts are U, TA, CR, and ZN. 


A‘091 (Microfiche) 

Broccardo, M. R., et al, Johns -Manvi lie Sales Corp., Denver, Colo., "VISCOSITY 
SUSPENDED SOLIDS. AND FILTRATION STUDIES OF LIQUEFIED COALS", Final Report, 
Dec. 1977, EPRI-AF-614. 

Abstract: Studies were made of viscosity, vapor pressure, suspended solids 
characteristics , and filtration properties of several liquefied coals. Vis- 
cosities and vapor pressures were measured at temperatures up to approximately 


A-22 


700* F. The effects of solvent dilution end suspmided solids on viscosity 
were also studied. Residual gases foraed by holding sanples of liquefied 
coal at elevated teaperatures followed by cooling were analysed. Mineral 
and cheaical analyses were aade of suspended solids. Particle size analyses 
were aade of pyridine insolubles. Median particle sizes deterained for 
several coals were approxiaately 0.5 aicroaeter coapared to average particle 
sizes of 1.6 to 8 aicrometers as aeasured by particle counters. 


A-092 (Microfiche) 

Filby, R. H., et al, Washington State Univ., Pullaan, Nuclear Radiation Center, 
•'SOLVENT REFINED COAL (SRC) PROCESS: TRACE ELEMENTS'*. Research and Dev. report 
No. S3; Interia report No. 26. Voluae III. Pilot Plant Dev. work. Part 6. 

"The Fate of Trace Elements in The SRC Process for the Period August 1, 1974- 
July 31, 1976. April 1978, FE-496-T17. 

y>s tract : Results are presented of a study of the distribution and fate of 

34 trace eleaents in the solvent refined coal process at the pilot plant located 
at Fort Lewis, Washington. Neutron activation analysis was used to deteraine 
TI. V. CA, MG. AL. CL, MN. AS, SB. SE, HG. BR, CO, NI, CR, FE, NA, RB. CS, K, 

SC, TB, EU, SM. CE. LA, SR, BA, TH, HF, TA. GA, ZR. and CU in feed coals, pro- 
cess solvent, solvent refined coal (SRC), aineral residues, wet filter cake, by- 
product solvents, process and effluent waters and by-product sulfur. 


A-093 (Microfiche) 

Walker, P. L., et al, Pennsylvania State Univ., University Park, "CHARACTER- 
IZATION OF MINERAL MATTER IN COALS AND COAL LIQUEFACTION RESIDUES", Annual 
Report, Dec. 1978, EPRl-AF-832. 

Abstract : One of the aims of this prograa is to characterize organic and ain- 
eral components of coals and coal liquefaction residual materials. Relation- 
ships are sought between cosqposition and properties of these cosponents and 
the behavior of specific coals during liquefaction processes. Characterization 
techniques utilized are optical and scanning electron microscopy, x-ray dif- 
fraction, fourier transform infrared (FTIR) spectroscopy and particle size 
analyses . 


A-094 (Microfiche) 

Spackmann, W., et al, Penn. State Univ., University Park, "CHARACTERISTICS OF 
AMERICAN COALS IN REUTION TO THEIR CONVERSION INTO CLEAN ENERGY FUELS", 
(Co-authors: Davis, Walker, Lovell, Essenhigh, Vastola, Given, Suhr), March 1978, 
NTIS: FE-2030-10-11. 
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A-09S 


Epp«rly, N. R., "EDS COAL LIQUEFACTION PROCESS DEVELOPMENT*, Interin Report 
by Exxon Research and Engineering Coiiq^., prepared for DOE, 4 reports, July/ 
August/S^t. 1979. 

Abstry t : EDS coMiercial plant study design iqpdate. Revised onsite and off- 
site design basis - Illinois coal base case, and revised onsite/offsite design 
basis - Illinois coal isarket flexibility sensitive case. 


A-096 (Microfiche) 

TRW, Inc., McLean. VA., "ANALYSIS OF SRC PILOT PLANT DATA", Cosparison of 
Wilsonville and Ft. Lewis plants, 1976, NTIS: RE-2213-T1. 


A-097 


SRC-II Demonstration Project, Phase Zero, Task Number 2, Deliverable Numbers 
8 and 9, "CONCEPTUAL COMMERCIAL PLANT SUMMARY AND MARKET ASSESSMENT SUMMARY", 
The Pittsburgh 8 Midway Coal Mining Co., prepared for DOE, DE-AC0S-780R03055, 
July, 1979. 

Abstract ; This deliverable describes a Conceptual Commercial Plant (CCP) 
using the SRC-II Solvent Refined Coal process for the production of liquid 
and gaseous hydrocarbon synthetic fuels and by>products from coal. This plant 
is visualized as one of a number of ‘'coal refineries" idiich would utilize 
domestic coal resources for the pxx>duction of liquid fuels. 

This report is Volume 1, Management Summary of Deliverable 8, Conceptual 
Commercial Plant for Phase Zero of the SRC-II Oemonstraction Project. Other 
volumes in this deliverable are: 

Volume 2 - Plant Description 
Volume 3 - S\q>porting Reports 
Volume 4 - Advanced Process Technology 
Volume 5 - Economic Analysis 

This volume is a general summary of the information presented in the succeeding 
volumes and touches briefly on feedstocks, products, thermal efficiency, com- 
panion plants, future technology, environmental considerations, and projected 
capital and operating costs. 


Petrie, T. W., Rhodes, W. J. , Page, G. C., "ENVIRONMENT IMPACT OF SYNTHETIC 
FUELS DEVELOPMENT', Environmental Protection Agency and Radian Corn, in CEP 
June 1979. 

Retract: A status report of EPA's Synthetic Fuels Program, an effort to assess 
the effect of coal liquefaction and gasification processes on health and the 
ecology. 
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DeRosset, A. J.. G. Tan. L. Hilfinan. UOP. Inc., ’'UPGRADE COAL DERIVED DIS- 
TILLATES", Article in "H/drocarbon Processing", May, 1979. 

Abstract ; Hydrotreating, hydrocracking, reforming and fluid catalytic crack- 
ing are tried on distillates from three coal liquefaction processes to explore 
possibilities for alternate fuels. 


A-lOO 

Ihe Ralph M. Parsons Company, "LIQUEFACTION TECHNOLOGY ASSESSMENT", Final 
Report with Union Carbide Corp. for DOE, May 1979. 

Abstract: This report describes the results of an investigation of coal lique- 
faction processes that are under development. The main objectives of the in- 
vestigation were to: 

Survey coal liquefaction processes being developed; 

- Review the status of development; 

Make comparative technical and economic evaluations of high 
potential processes. 

From over 60 candidate processes, 35 were judged worthy of more extensive 
review. 


A-101 

Fluor Engineers and Constructors, Inc., "CONCEPTUAL DESIGN FOR ADVANCED COAL 
LIQUEFACTION CO^•iERCIAL PLANT", Final Report, Additional Studies, prepared for 
DOE, June 1978. 

Abstract : Investigation of the two design options: 

1. Utilize catalytic cracking in the refining sequence to produce 
gasoline from heavier coal derived liquids. Fluor' s work had 
led to the selection of a refining sequence using hydrocracking 
to the exclusion of catalytic cracking in the base case. 

2. Instead of following the original DOE specification that the 
facility should be self-sufficient with respect to its electric 
power needs, electric power should be purchased with the con- 
comitant production and sale of additional SNG from fuel gas 
formerly used for power generation. 
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Exxon Research and Engineering Company, "EDS COAL LIQUEFACTION PROCESS DEVELOP - 
MEhTT", Phase IIIB, Quarterly Technical Progress Report for the Period July - 
Sept., 1977, prepared for DOE. 
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Abstract! Content of this report! 


- Laboratory Process Research and Dev., Liquefaction Process Research 

- Engineering Research and Dev., Process Engineering and Cost Evaluation, 

Engineering Technology Dev. , 

- ECLP Project Management, Detailed Engineering, Procurement and Con- 
struction 


A-103 

Gold, H., J. A. Nardella, C. A. Vogel, "FUEL CONVERSION - AND ITC miRONMENT- 
AL EFFECTS", from Water Purification Ass., DOE and DPA Article In CEP, August 

1979. 


Abstract: Unless properly treated, water and air discharges contaminated with 

orgai i l Tmaterlals may pose the greatest potential threat to the environment 
from the emerging energy technologies. 


A- 104 

Sass, A., Garrett Res. and Dev. Company, Inc., 'THE GR S D COAL PYROLYSIS 
PROCESS", A Status Report; presentation at "Clean Energy from Coal" Session 
AIChE, 67th Annual Meeting, Dec. 1979. 

Abstract: Report on the status of the GR 6 D program on the pyrolysis pro- 

cess to convert high sulfur coal into more marketable low sulfur synthetic 

fuels . 

A-105-N 

Hanshas, J. A., Tertian, H. D., Scotti, L. F. "CLEAN FUELS raOM COAL BY THE COED 
PROCESS" Research Triangle Park, N. C.; Simposium Proceedings: Environmental 

Aspects of Fuel conversion Technology, Hay 1974 

Abstract : This paper considers ways in which the COED process can convert coal 

while satisfying environmental concern. Processing methods and flows are des- 
cribed for a comnercial COED plant to process a high-sulfur, agglomerating coal and 
a low-sulfur coal. 


A- 106 

Martin, G. B., W. S. Lanier, Research Triangle Institute. "COMBUSTION OF LIQUID 
SYNFUELS" Symposium Proceedings: Environmental Aspects of Fuel Conversion Tech- 
nology, April 1979. 

Abstract: This paper sumnariees the available information on the state-of-the-art 
emission control technology for the use of petroleum, shale, and coal-derived 
liquid fuels in stationary combustion sources. 
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A-107-N 


Evans, F. "NIOSH PROGRAMS FOR EVALUATIONG AND CONTROL OF INDUSTRIAL HYGIENE HAZARDS 
IN GOAL CONVERSION" Enviro Control Inc., Rockvillt, Maryland; Symposium Preeaad- 
ingai Environmental Aaperta of Fuel Conversion Technology IV, April 1979. 

Abstract t This paper describes the techniques for sampling and analysing in 
liquefaction and gasification plants and for the ultimate use of the data. 


A-108-P 


Ting, B. T. G., S. E. Manahan, "EFFECTS OF ORGANIC AND INORGANIC BINDING ON THE 
VOLATILIZATION OF TRACE ELEMENTS DURING COAL PYROLYSIS', Dept, of Chemistry, 
University of Missouri in "Environ mental Science A Technology ". December 1979. 

Abstract I Volatilities were determined for eight environmentally isiportant trace 
elements in coal subjected to pyrolysis in an inert atmosphere. 


A-109-N 


Martin, G. B., "NOx CONSIDERATIONS IN ALTERNATIVE FUEL COMBUSTION", Industrial 
Environmental Research Laboratory, prepared for U.S. EPA; Symposium Proceedings: 
Environmental Aspects of Fuel Conversion Technology, December 1975. 

Abstract : This paper concentrates on combustion and emission characterics of 
alternate fuels, an area where information is still very limited. The topics 
covered include a suanary of the most recent combustion data for both boiler and 
gas turbine systems and a presentation of some concepts that may have potential for 
controlling the formation of NOx and other pollutants in the combustion process. 
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Kang, C. C., J. Gendler, "CATALYST EVALUATION FOR DENITROGENATION OF PETROLEUM 
RESIDUA AND COAL LIQUIDS" Hydrocarbon Research Inc., prepared for EPA, August 1978. 

Abstract : This report describes the results of a study of catalysts for denitro- 
genation of petroleum residua and coal liquids. The objectives were to evaluate 
aome existing commercial catalysts for denitrogenation activity in petroleum 
residua and coal liquids and then to develop an improved catalyst for denitrogena* 
tion of heavy coal liquids. Under task two, comnercial catalytsts failed to reduce 
nitrogen content of a petroleum vacuum resid from 0.67 percent to the target of 0.3 
percent. 


A-lll-N 


Beychok, M. R., Consultant, Irvine, California, "ENVIRONMENTAL FACTORS IN 
PRODUCING SUPPLEMENTAL FUELS" in Hydrocarbon Processing . October 1975. 

Abstract : This article based on the EPA's contracted study and presents an overall 
suimary of environmental factors involved in producing various supplemental fuels. 
To provide a comnon basis of comparison, environmental factors are presented in 
terms of the Btu output of sales products and byproducts from each technology. The 
specific plants described in the study are: Naphtha SNG, LNG project. Crude oil 
SNG, SHALE OIL, Coal Sng Coal liquefaction. Methanol project. 
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A-112-N 

Park«r, C. L, D. J. Dyksfra, "ENVIRONMENTAL ASSESSMENT, DATA BASE FOR COAL LIQUE- 
FACTION TECMNOLOCY", Voluat 21, prapartd for EPA by Mittmann Aaaoc., Inc., 
Columbia, Maryland, Contract No. 68-02-2;62, Saptambar 1978. 

Abatractt Compositional analysis of synthoil, H-Coal and EDS products. Comparison 
H-Coal products from Illinois No. 6 and Hyomiog subbituminous coals. 

A-113 
Saa B-047 

A-llA (Microficha) 

Wellman, P., "ECONOMICS OF THE H-COAL PROCESS", Ashland Oil, Inc., Kantucky. Raport 
Ho. CONF-771203~, 1977. 

Abstract : Liquefaction; Economics; Fuel Oils. 

A-llS (Microfiche) 

Dadkowski, M. J., R. H. Heck, A. V. Perpella, M. Schriner, Jr., T. R. Stein, 
"ECONOMIC SCREENING EVALUATION OF UPGRADING COAL LIQUIDS TO TURBINE FUELS", Mobil 
8****>^ch and Development Corp., Paulsboro, New Jersey, Process Research and 
Technical Service Division, Report No. EPRI-AF--710, March 1978. 

Abstract : The objective of this study was to estimate the cost of upgrading coal 
liquids to turbine fuels. 


A- 116 (Microfiche) 

Stein, T. R., A. V. Cabal, R. B. Callen, M. J. Dobkowski, R. H. Heck, C. A. 
Simpson, S. S. Shih, 'UPGRADING OP COAL LIQUIDS FOR USE AS POWER GENERATION FUELS", 
Mobil Research and Development Corporation, Paulsboro, New Jersey. Report EPRI-AF- 
-873, December 1978. 

Abstract: Residual coal liquids were hydroprocessed in a fixed bed hydroprocessing 
unit to upgrade them to high quality power generation fuels. 

A-U7 (Microfiche) 

"OVERALL PLANT DESIGN DESCRIPTION (OPDO) COAL DERIVED LIQUID ELECTRIC POWER 
PLANT", General Electric Company, Schenectady, New York, Report Ho. FE--1806-24. 
July 1977. 

Abstract; The Case C power plant fueled with coal-derived liquid (CLD) fuel 
generates 443,500 kW CF electrical power with an overall thermal efficiency of 
48.66 percent based on higher heating value coal liquid to busbap. 
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A-118 (Microfiche) 

Creskovich, E. J. "CHEMICAL CHARACTERIZATION, HANDLING, AND REFINING OF 8RC TO 
LIQUID FUELS", Air Products end Cheaicele, Inc., Allentown, PA, Report No. FE- 
2003-9, April 6, 1976. 

Abstract 1 Progress in detemining the chenical composition and chemical and physi- 
cal properties of samples of solvent-refined coal is reported. 


A-119 (Michrofiche) 

Sullivan, R. F., H. A. Fruedcin, C. E. Rudy, H. C. Chen, "REFINING AND UPGRADING OF 
8YNFUELS FROM COAL AND OIL SHAUS BY ADVANCED CATALYTIC PROCESS", Chevron Research 
Co., Richmond, California, Report No. PE— 2315-15, July 1977. 

Abstract 1 The objective of this program is to determine the feasibility and 
estimate the economics or hydroproceaaing four synthetic fuels to distillate 
fuels, including high octane gesoline, using presently available technology. 
Process design studies based on pilot plant results indicate that it is desirable 
to hydrofine the whole shale oil to a nitrogen content of about 500 ppm and then to 
fractionate the product before conventional downstream processing to produce 
transportation fuels. 


A-120 (Microfiche) 

Sullivan, R. F., C. E. Rudy, C. D. Green, H. C. Chen, "REFINING AND UPGRADING OF 
8YNFUELS FROM COAL AND OIL SHALES BY ADVANCED CATALYTIC PROCESSES", Chevron 
Research Co., Richmond California, Report No. FE— 2315-19, October 1977. 

Abstract » The objective of this program is to determine the feasibility and 
estimate the economics of hydroprocessing four synthetic fuels to distillate 
fuels. The feedstocks include shale oil and three coal-derived synthetic crudes. 
The first feedstock is Paraho crude shale oil, produced in the indirectly heated 
mode. 


A-121 (Microfiche) 

Sullivan, R. F., C. E. Rudy, H. C. Chen, "REFINING AND UPGRADING OF SYNFUELS FROM 
COAL AND OIL SHALES BY ADVANCED CATALYTIC PROCESSES", Chevron Research Co., 
Richtsond, California, Report No. FE— 2315-28, July 1978. 

Abstraet t 8RC-I and SRC-Il, two different fonss of solvent refined coel, have 
sharply contrasting characteristics as coal-derived feeds for conversion to trans- 
portation fuels. SRC-I process product is s relatively unattractive feed for 
conversion to distillate fuels using commercial fixed bed catalytic hydroprocess- 
ing technology. 


A-122 (Microfiche) 

Tan, G., A. Derosset, "UPGRADING OF COAL UQUIDS", UOP, Inc., Des Plaines, 
Illinois, Report No. FE— 2566-19, Septesiber 1978. 


i 


Abstract t 8«ri«s flow hydrocracking of high nitrogan-contalning Exxon Donor 

Solvent (EDS) procaaa liquid to gaaoline waa continuad at base praaaure. 
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Daroaaat, A. J., G. Tan, L. Hilfnan, "UPGRADING OF COAL LIQUIDSi UPGRADING DISTIL* 

UTSS FROM 00 AL LIQUEFACTION, UOP, Inc., Dea Plainaa, Illinois, Report No. FE— 
2566-26, May 1979. 

Abstract : Diatillatea from DOS-sponsored coal liquefaction products have been 

examined as potential feedstocka to coanercial petrolaum refining processes. The 
ultimate objective is to provide a new source of transportation fuels'and environ- | 

mentally acceptable fuel oila. Coal-derived naphthaa from the H-Coal and Exxon { 

Donor Solvent (EDS) procesaea have bean hydrotreated and reformed in research pilot 
plants to 100 research octane nus^er (RON) gasoline. 

1 

i 

A-124 (Microfiche) 

Diedl, F. J., A. J. Derosset, "DEASPHALTING, DEASHINC, AND UPGRADING OF COAL 
LIQUIDS", UOP, Inc., Des Plaines, Illinois, Report No. FE— 2645-02, May 1979. 

Abstract: Feedstock for demex deashing of coal liquids was prepared by liquefying 

a slurry of Illinois No. 6 coal in a coal-derived aolvent. 


A-125 (Microfiche) 

"COMBUTER-AIDED INDUSTRIAL PROCESS DESIGN: THE ASPEN PROJECT, Massachusetts Inst, 
of Tech., Cambridge, Report Mo. NIT— 2295T9-11, December 15, 1976. 

Abstract : The aujor efforta have been in program coding and testing. Parallel 
coding efforts have bean in progresa for functional modela such as in the UOS, PPS, 
and costing systems. 

A- 126 (Microfiche) 

Dbttbar, D. M., B. G. Tunnah, "COMPUTER MODEL FOR REFINERY OPERATIONS WITH EMPHASIS 
ON JET FUEL PRODUCTION VOLUME III. DETAILED SYSTEMS AND PROGRAMMING DOCUMENTA- 
TION", Cordian Associates, Inc., Mew York, Report No. M— 78-25235, June 27, 1978. 

Abstract : The FORTRAN computing program predicts flow streams and material, 
energy, and economic balances of a typical petroleum refinery, with particular 
emphasis on production of aviation turbine fuels of varying and point and hydrogen 
content specifications. The program has a provision for shale oil and coal oil. 

In addition to petroleum crudes, a case study feature permits dependent cases to be 
run for parametric or optimisation studies by input of only the variables which are 
changed from the baae case. 

A-127 (Microfiche) 

Johnson, J. E., "STORAGE AMD TRANSPORTATION OF SYNTHETIC FUELS. A REPORT TO THE 
SYNTHETIC FUELS PANEL", Oak Ridge National Lab., Tennasaee, Report Mo. ORNL-TM— 
4307, September 1972. 
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B»001“P. A-OOl-P 


REPININC OF SYNTHETIC CRUDES, Advances in Chaoiiar.ry Sariei 179, AaMriean Chanical 
Society, Washington, D.C., 1979. 

Abstract t Baaed on a synpoaiun aponaorad by the Division of Patrolaun Chenistry at 
the 174th Heating of the Aaiarican Chanical Society, Chicago, Illinois, August 29 “ 
Saptaa^ar 1, 1977. Papers praaantad discuss Characterisation of Syncrudes, Analy- 
sis of Hetaro conpounda in coal liquids, hydroprocessing of shale oil, two-stagad 
themal and catalytic hydrocracking process for athabasca bitunan, catalytic 
cracking of ridge bitunan, upgrading of pr inary liquids by hydrotraatnent , cata- 
lytic hydroprocassing of solvent refined coal, investigation of cobalt-nolybdenum 
- alanina catalysts for hydronitroganation of coal derived oils, catalytic affect 
of active natals upon hydrodanitrogenation of heavy coal liquids, chemicals from 
coal-darivad synthetic crude oils. 


B-002. A-002 

Schwa iger, Robert G., ’'BURNING TOMORROW'S FUELS", Power . Fabruar ;, 1979. 

Abstract ! Discussion of combustion characteristics of various synthetic fuels 
utilised in industrial boilers, gas turbines and process equipment. Includes low, 
medium ana high BTU SNG, coal derived liquids, oil shale liquids and solvent 
refined coal. 


B-003-P. A-003-P. D-004-P. F-008-P 

Moses, C. A., Naegeli, D. W., "FUEL PROPERTY EFFECTS OR COMBUSTOR PERFORMANCE", 
Southwest Research Institute presented at the Gas Turbine Conference and Exhibit and 
Solar Energy Conference, San-Diego, California, March 12-15, 1979, American 
Society of Mechanical Engineers Publication 79-GT-178. 

Abstract ! 

Two combustor rigs have been used to study the sensitivities of combustor operation 
to the physical and chemical properties of fuels. Nineteen fuels including syn- 
fuels were used to accentuate the properties of concern! composition, viscosity 
and boiling-point distribution. Flame radiation and smoke were best correlated by 
hydrogen content rather than hydrocarbon structure; the soot formation was due to 
gas-phase reactions. Lean-blowout conditions were about the same for all fuels 
except that gasoline could be burned leaner at idle conditions. Ignition limits 
were more sensitive to volatility than viscosity. Gaseous emissions and combustion 
efficiency were not significantly affected by fuel properties although some sen- 
sitivity to boiling point distribution was evidant. In all parformance araas the 
syncrude fuels correlated in the same ways as the petroleum-derived fuels except 
for the NO^ emissions from the nitrogen containing shale oil fuel. 

» B-004-P. A-004-P Synthetic Fuel/Turbine Fuel 

Gallagher, J.P., ARGO, Harvey, Illinois "SYNTHESIS AND ANALYSIS OF JET FUEL FROM 
SHALE OIL AMD COAL SYNCRUDES" prepared for NASA/Lewis Research Center, Contract No. 
NAS 3-19747, Roveaiber 1976. 


laii^ 
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Abstract I Thirty cvo J«t fuel SMpUs of varying propartias warn produead frea 
shala oil and coal syncrudasi and Mialysad to assaas thair aui*^ ability for uaa. 
TOSCO IX shale oil, tl-Coal and OOBD syncrudes uara used as starting aatarials. 
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B-OOS Shala Oil 

Schorai F« C», Taraant P. B.t Paldkinehast H. L. i JCT Chicago* Illinois **OXL 8RAU 
- PRBSBHT TBCniOLOGy AND THB ICT/A.G.A. PBOCBSS** Papers presented at Sth Synthetic 
Fipalina Gas Syi^osiua in Chicago* Illinois* October 1976* AS pages. 

Abstract t The Papers described briefly various processes under consideration or 
under davelopaent for the conversion of oil shale. 


B-006 Shale Oil 

Weichaen* The Superior Oil Coapany* Houston* Texas. "HULTIHUNBRAL 0XL*8HALE 
OOMMERCIALIZATION” presented to AIChE* 81st Meeting* Kmses City* Missouri* April 
1976. 

Abstract : General infomation about Oil Shale and its byproducts: the aulti' 

aineral process: Raheolite* Shale Oil* Aluaina* Soda Ash 


B-007 Shale Oil/Hydrotreating 

IGT* Chicago, Illinois. "THE IGT OIL SHALE PROCESS FOR ABOVE GROUND AMD XM SITU 
HYDRORTORTIMC. Infomation subaitted by P. Schora for subcomittee on Energy 
Research* Davelopaent ai^ Deaonstration* hearing on conversion of oil shale to 
synthetic fuels. October 1975* 20 pages. 

Abstract : Report of a "new" process developed by IGT for the Aswricen Bar Asso* 
elation. The process produces either gas or oil froa oil shale with very high 
recovery of the kerogen as coapsred to conventional retorting processes. 


B-OOS-P Oil Shale/Properties 

TRW Energy Systea Planning Division* McLean* Virginia "OIL SHALE DATA BOOR" pre 
pared for DOE* Contract Ho. DE-AC01-7SRA32012* June 1979* 31 pages. 

Abstract: Tables of shale oil eoaposition froa different processes. 
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B«009-P Oil Shale/TOSCO II 

Whitcoi^e* J. A. Vawter* R. G.* The Oil Shale Corporetion* Los Angases* California* 
"1HE TOSCO-II OIL SHALE PROGRESS" Prepared for "Aaericen Institute of Chemical 
Engineers" 79th Rational Meeting* March 16~20* 1975; 2A pages. 

Abstract: Process description with soae tables and graphs. 
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■010-P-M Shale Oil/Paraho 

sia.“?siSi srsi 

ri-ss,-SiS™r.» ~~. 

Ab.tr.ct. Ad..nc«i co—rci.l p.trol«» proc...l..g '“jTA"?! 
pilot plant facilities to produce transportation fuels. Three refining 
identified for process design and cost estimate: 

(1) Hydrotreating followed by hyrocracking. 

(2) Hydrotreating followed by catalytic cracking. 

(3) Coking followed by hydrotreating. 

For an alternative raw shale oil was hydrotreated to produce synthetic crude 
suitable for processing in an existing refinery. 

Shale Oil/In Situ 

CottUgh*. Pl«c«> »E Poetgy »....rch L.r»u., Hyo-Uj. "raEKE- 

FINING TRUE IN SITU SHALE OIL". 

Abstract: Crude shale oil from true in situ retorting of shale was hydrotreated to 

lilii product tro. .hlch 9E p.rc«.t of th. .ulfur .nd ortrog.n h.d b..n 

removed. 


-012-P 

Proceedings of the 13th Intersociety Energy Conversion Engineering Conference, 

Vol. I, August 22-25, 1978, San Diego. 

1 "JET FUELS FROM SHALE oil: A NEAR TERM TECHNOLOGY". Harvey, B. M., Rancey, 

J® HilSbr««I. E. O.s. DOE - jet fu.l production. Dt.cu.uton of p..t .nd 
current programs on refining shale oil with related tables. 

2 "COMPARISON OF SHALE OILS FROM DIFFERENT SOURCES PRODUCED BY CONTROLLED - 
sSSlinORT". DTrall, J. J.. Bartke, T. C., DOE Larami Energy Research 
Lnter - comparison of 6 different shales retorted under same conditions and 
analyzed for chemical and physical properties. 

3. "THERMAL HYDROCRACKING OF ATHABASCA BITWEN: mECT 

PRODUCT YIELDS AND QUALITIES" Kulbe, Shah, Pruden, Denis, Energy 
LaboMtory, DOE, Ottawa, Canada - Thermal hydrocracking of bitumen. Compar 
ison of results with previously published results. 
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B-013 Oil Shale/General Inforaation 

Articles from periodicals concerning news in the field of shale oil. 

1) STATE-OF-THE-ART, ABOVE GROUND SHALE PROCESSING from IGT in HC-Proeess, 
February 1977. 

2) SHALE CLOSEST AMONG SYNFUELS from BRDA Ph. White in "The Ofl and Gaa Jour- 
nal", February 17, 1977. 

3) PRICE, AIR REGS STALL SHALE-OIL INDUSTRY about Paraho process, in "The Oil 
and Gas Journal" February 28, 1977. 

4) SHALE OIL FINALLY ROCKING OF DEAD CENTER IN US? from H. H Wilson in "The Oil 
and Gas Journal", June 18,1979 


B-014 Shale Oil, Paraho 

Robinson, E. T., "REFINING OF PARAHO SHAU OIL INTO MILITARY SPECIFICATION FUELS", 
Results of Phase 1, Pilot Plant Studies Final Report and Preliminary Results of 
Phase II and III. Refining of up to 100,000 BBLs of crude Paraho Shale Oil, 
preUminary results and analysis. Presented at the 108th AIHE Annual Meeting, Mew 
Orleans, February 1979; Program for the DOE, DOD and US Navy. 

Abstract ; Development and demonstration in refining pilot plants, a method for 
producing specification and stable military fuels from crude Paraho aha .e oil. 
Maximizing yields of JP-5 and DFM idiile minimizing yields of 650+ bottoms (residual 
fuels). 

B-015 (Microfiche) 

Gallagher, J. P. et al "SYNTHESIS AND ANALYSIS OF JET FUEL FROM SHALE OIL AND COAL 
SYNCRUDES", November 1976, Atlantic Richfield Co. Harvey, Illinois, NTIS N77- 
12230. 

B-016 (Microfiche) 

"TRACE ELEMENTS ASSOCIATED WITH OIL SHALE AND ITS PROCESSING", May 1977, TRW 
Environmental Engineering Division, Vienna, Virginia, NTIS PB-283 038. 

B-017 Shale Oil/Upgrading 


TRW, Energy Systems Group, McLean, Virginia "OIL SHALE DATA BOOK", Performed for 
DOE, Contract No. DE-AC-0 1-78RA320 12, June 1979 Part 4, Upgrading. 

Abstract ; Broad description of methods or processes for improving the physical and 
chemical properties of shale oil and gas. The methods used are cosmionly practiced 
in the petroleum refining industry during conversion of petroleum to finished 
products, but modified to accomodate the special characteristics of shale oil. 
Also included is the treatment of the byproducts of oil shale processing, such as 
reduction of solids contained in shale oil, waste water treatment, and retorted 
shale disposals. 

B-018 (Microfiche) 

"TRACE ELEMENTS IN OIL SHALE", Progress Report, June 1976 - Hay 1977, Colorado 
University, Boulder, NTIS COO-4017-1. 
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B-019 (Microfiche) 


Pruchter, J. S., et al, Battelle Pacific Northwest Labs., Richland, NA., 
••HIGH PRECISION TRACE ELEMENT AND ORGANIC CONSTITUENT ANALYSIS OF OIL SHALE 
AND SOLVENT-REFINED COAL MATERIALS^^, March 1977, BNWL-SA-6001 . 


Abstract : 

THT application op A NUNPER OP SENSITIVE ANO RRECISe METMOOS POR THE OCTERMINATION OF TMCE CLeNENTS* 
HEAVV ELEMENT SPECIES ANO ORGANIC COMPOUNDS IN N*Tfll|ALf PROM AN OIL SHALE EEStARCN RETCRT PROCESS ANO 
PROM A SOLVENT-REP INEO COAL PILOT PLANT OPERATION ME OISCUSSEO, mi HETNOOS WIRE CHOSEA BOTH POR TMElR 
SFNSITIVITV, and also POR THEIR RELATIVE PREEOOR PRGM INTERFERENCE EFFECTS* COAL LIOUIOS CONTAIN MUCH 

aromatic compounds* incluoino polvnmclear aromatic hvdrocarbons ipna'SI* a 
LAROER relative fraction of the PNA*S in SNM.E OIL ARE ALKVL SMiSTITyTEO. COAL LlOyiOS ARE ALSO 
CONSIOERASLV HIOHPR IN PHENOLS 120 PERCENT! THAN IS SHALC OIL (fS PERCENT I*' N-HETEROCVCLIcI ARE PRESENT 
IN NIGHER CONCENTRATION lOREATFR THAN 0 PERCENT! IN SHALE OIL DUE TO THC HlOH NITROGEN CONTEHT OF THE 
RAM -shale. HVOROAROMAT ICS ARE COMMON IN COAL LIOUIOS OUT NECLIGIBLE IN SHALE CIL** INORGANIC ELEMENTS 
ANO bSPPCIATION MF«SUREMENTS INDICATE SIGNIFICANT AMOUNTS OF THE TOXIC NEAVV ELEMENTS HG • AS* ZN* ANO SS 
I N. I^.FLK gN T OIL MATPR AND GAS STREAMS . f ~ ' * 


B-020 

Berry, K. L., Rio Blanco Oil Shale Company , Denver, Colo., ••COMBINED RETORTING 
TECHNIQUE FOR OIL SHALE'^, in CEP, September, 1979. 

Abstract ; The process ratio and the resource yield ratios both favor combined 
in situ and surface retorting. Studies indicate that this combination will 
also prove the economics. 


B-021 


Cottingham, P. L., Laramie Energy Res. Center, ••PREREFINING TRUE IN SITU SHALE 
OIL", Print for 13th Intersociety Energy Conversion Engineering Conference, 

Reprint from Oct. 1978. 

Abstract : Crude shale oil from true in situ retorting of shale near Rock Springs, 

Wyoming was hydrotreated at 1,500 psig pressure and 800”F to produce a liquid 
product from which 98 percent of the sulfur and nitrogen had been removed. The 
product was distilled to yield 36.7 volume percent of the fuel as gasoline con- 
taining 24 parts per million nitrogen and 51.0 percent as Nos. 1 through 4 
diesel fuels qualified as low-sulfur, high-cetane diesel fuels. Hydrotreating the 
crude at 2,200 psig produced a total liquid product with only 53 ppm nitrogen 
and less than ICO ppm sulfur after 888 hours operation. This experiment continued 
through 1668 hours onstream; the final products are being analyzed. 


B-022 


Cottingham P. L., Nickerson, L. G., Laramie Energy Res. Center, ••HYDROCRACKING 
OF IN SITU SHALE OIL", Presentation to the Symposium on Oil Shale, 172nd Nat- 
ional Meeting of Am. Chem. Soc., Aug/Sept. 1976. 
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Abstract ; A group of once-through laboratory hydrocracking experiments was made 
with crude in situ shale oil from underground combustion retorting of Green River 
oil shale. Nickel oxide-molybdenum exide catalyst was useJ. Best sulfur and nit- 
rogen removal were obtained at 800* F and 0.56 V /Vj./hr. A longer hydrocracking 
run was made at 800®F and 0.48 V^/Vp/hr and the°liquid product was distilled into 
gasoline-boiling-range naphtha and three successive higher-boiling diesel fuels. 
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B-023 


Cottlngham, P. L., C. M. Frost, Laramie Energy Res. Center, "METHODS FOR RE- 
FINING CRUDE SHALE OIL PRODUCED BY IN SITU RETORTING". 

^street ; Crude shale oil produced during in situ retorting by the Bureau of 
Hines at rock Springs, Nyo., was refined by three schemes. Yields of reformate 
and cat-cracked gasoline as volume -percents of the crude, and research-method 
octane nuobers (with 3 ml TEL) fbr the three methods were as follows: First 
method, 32 pet reformate, 90 octane; 19.5 pet cracked gasoline, 99.2 octane. 
Second method, 29 pet reformate, 81.1 octane; 21.3 pet cracked gasoline, 99.6 
octane. Third method, 28.2 pet reformate, 86 octane; 28.7 pet cracked gasoline, 
95.9 octane. 


B-024 


Dr. Allan Sass, Occidental Oil Shale Inc., "STATUS OF THE OXY, MODIFIED IN-SITU 
OIL SHALE PROJECT", Presentation at Pacific Energy Ass. Meeting, October 1979. 

/^street ; This paper outlines the magnitude of the potential for enchanted 
domestic oil production that is represented by oil sfiale. A description of the 
Oxy process is presented along with a summary of the results obtained during 
the testing of the process in large scale field experiments in Colorado. The 
current efforts to commercialize this technology on Federal Tract C-b, is also 
reviewed. 


B-02S 


Poulson, R. E., et al, Laramie Energy Res. Center, 'HINOR ELEMENTS IN OIL SHALE 
AND OIL SHALE PRODUCTS", Report of Investigations, (Co-authors Smith, Young, 
Robb, Spedding) 1976. 

Abstract : 

This paper >s IlmitecT to elemental analyses without regard to particular chem- 
ical compounds. Order of magnitude minor elemental analyses for several Green 
River Formation oil shales, shale oils, and retort waters are presented. The 
oil-shale analyses show a remarkable uniformity between Colorado Piceance Creek 
Basin Mahogany Zone and Saline Zone oil shales. Comparison with earlier data of 
other workers extends this uniformity to rich and lean Mahogany zone oil shales, 
to the Mahogany and R-k zones of the Piceance Creek (Colorado) and Uinta (Utah) 
Basins. 

B-026 

Jensen, H. B., R. E. Poulson, G. L. Cook, Laramie Energy Res. Center, 'CHAR- 
ACTERIZATION OF A SHALE OIL PRODUCED IN SITU RETORTING", ACS Division of Fuel 
Chemistry, Reprints, Vol. 15, No. 1, March/ April 1971. 
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Abstract: This paper describes two crude shale oils that were recovered from 
successful in situ-combustion retorting experiments. The description is based 
P'<'lmarily on the results of the application of the Bureau of Nines crude shale- 
oil analysis to these two crudes. In addition to describing the properties of 
the two in situ crudes in terms of this analysis, the properties of crude shale 
oils from aboveground retorts are also described. Cosq[>arison of the oils from 
the aboveground retorts with each other are made in order to determine the ef- 
fect of change of retorting parameters tqton oil character. 


B-027 


Cottingham, P. L., Laramie Energy Research Center, "DISTRIBUTKM OF NITROGEN IN 
HYDROCRACKED IN SITU SHALE OIL”, in Ind. Eng. Chem ., Vol. 15, No. 3, 1976. 

Abstract : 

Crude ehele oil from underground in eitu retorting of Wyoming oii ehele wee hydrocreeked over e niekel-motyb> 
dene cetaiyet in a eingie-pm operation The 

liquid product was fractionally dietlliad into naphtha and heavier oil. The S4 fractions distilling above naphtha 
were collected at 5 *F intervals (at 10 mm absolute pressure), and nitrogen percentages were determined on 
these. The hydrecraeking eilmirtated 08% of the n itr o gen from the oil. but the boiiingi^arge dMribution of the 
nitrogen cornpounds remaining in the oil resembled that of the nitrogenous components In raw shale oil and in 
hydrocracked gas^ombustion shale oil. 


B-028 


Cottingham, P. L. , Laramie Energy Res. Center, "DIESEL FUELS FROM SHALE OIL”, 
no date (probably middle 70 *s). 

Abstract : High-boiling shale oil produced from Rocky Mountain oil shale can 

be reduced in molecular weight by recycle thermal cracking and by coking. 
Diesel fuels of good quality have been made from the cracked shale oil by acid 
and caustic treating. Diesel oil made by this process performed acceptably in 
an in-service test for powering a railroad engine in a 750-hour test. Better 
quality diesel fuels were made by hydrogenation of a coker distillate. Even 
better quality diesel fuels, suitable also for use as high-quality distillate 
burner ^els, have been made by hydrocracking of a crude shale oil from under- 
ground in situ retorting experiments conducted by the Laramie Energy Research 
Center in Wyoming. 


B-029 


Unning, N. C., Bartlesville Energy Res. Center, 'HUE REFINING OF SHALE OIL”, 
Study for the DOE, May 1978. 
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Abstract ; 

The refining of shale oil is reviewed to osseu the current stote-oMhe^rt, 
especially os to the ovallobllity of technology suitable for operation on e 
commercial scole. Oil shale retorting processes os they offset the quality of the 
crude shale oil for refining, exploratory reseoreh on the charocter and refining of 
shale oil, ond ether published lefining background leading to the present status 
ore discussed. The initial refining of shole oil requires the removol of o large 
concentration of nitrogen, an added step not required for typical petroleum crude 
oils, end recently published estimates show that the total cost of refining will be 
high. Specific technology is reported by industry to be technicolly proven and 
available for commerclal*4cale refining. Although the refinlrtg will be more 
costly than that of petroleum, the viobility of o shale oil industry will olso be 
affected greatly by the technology ond costs of producing the -crude shale oil, 
environmental costs, and Tuture price and tax treatment, ond these ore outside 
the scope of this study of refining. 

B-030 

Fruokin, H. A., E. J. Owens, R. B. Sutherland, Chevron Research Co., "ALTER- 
NATIVE ROITTES FOR REFINING PARAHO SHALE OIL", from CEP, Sept. 1979. 

Abstract ; The hydrotreat ing-FCC and hydrotreating4iydrocracklng processing 
alternatives are most efficient for refining Paraho shale to produce distillate 
transportation fuels. 


B-031 


Schara, F. C., et al. Institute of Bas Technology, 'HYDROCARBON FUELS FROM OIL 
SHALE", Presentation at 11th Intersociety Energy Conversion Engineering Conf.. 
Sept 1976. 

Abstract ; A new process for producing substitute natural gas and/or middle -dis- 
til late- type oils from oil shale is described. This process employs controlled, 
countercurrent heating of the shale in the presence of hydrogen at moderate 
pressure levels. Controlled heating in hydrogen promotes almost complete re- 
covery of the kerogen (organic carbon) compared with about 75% recovery by con- 
ventional retorting. 


B-032 


Fox, J. P., K. K. Mason, J. J. Duvall, "PARTITIONING OF MAJOR, MINOR, AND TRACE 
ELEMENTS DURING SIMULATED IN SITU OIL SHALE RETORTING IN A CONTROLLED-STATE 
RETORT", by Lawrence Berkeley Laboratory and Laramie Energy Tech. Center, 
(probably 1979) 

Abstract ; Analysis of shale oil for 49 elements during IS runs. 
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B-033 


Frost C. M., R. E. Poulson, Uraaie Energy Res. Center, •NITROGEN TYPES IN 
SYNCRUDES PROM IN SITU CRUDE SHRLE OIL", (Probably firom niddle *70ies) 

Abstract ; Analysis of hydrogenated shale oil, conpared with aultistep syncrude. 


B>034 

Laramie Energy Tech. Center, "SHALE OIL ANALYSIS", Data sheets received from 
Laramie E.T. Center on Feb. 25th, 1980. 

Abstract: Reports of analysis of crude shale oil between 1965-1979, Paraho Retort 
Crude Shale Oil. 


B-035 


Frost, C. M., R. E. Poulson, H. B. Jensen, "PRODUCTION OF SYNTHETIC CRUDE FROM 
SHALE OIL PRODUCED BY IN SITU COMBUSTION RETORTING", Laramie Energy Research 
Center, probably from 1972 or 73. 

Abstract: Yield dates, analysis of syncrude and comparison with natural petroleum. 


B-036 

Frost, C. M., Laramie Energy Res. Center, "REFINING OF CRUDE SHALE OIL PRODUCED 
BY IN SITU RETORTING", Symposium on Quality of Synthetic Fuels, ACS- Meeting, 
April 1972. 

Abstract: Properties of in-situ crude shale oil and its distillate fractions, 

hydrodenitrogenation and reforming of naphtha and catalytic cracking of 400”F-*> 
hydrogenate . 


B-037 


Frost, C. M., H. B. Jensen, Laramie Energy Res. Center, 'UYDROWNITRIFICATION 
OF CRUI^ aiALE OIL", Presented at ACS - Meeting, April 1973. 

Abstract: Study to determine the effects of processing variables on the rates 

at which various types of nitrogen compounds are removed from crude shale oil . 


B-038 


Nutter, J. F., C. S. Waitman, OTSCO Corp., "OIL SHALE ECONOMICS UPDATE", 
Prepared for AIChE, 14th Annual Techn, Meeting, April 1978. 

Abstract: TOSCO Process with yield datas, including upgrading of shale oil 
crude. Economics of Colony Shale Oil Project in 1976 dollars. 
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B-039 


McNamara, P. H., J. P. Humphray, **BYDR0CA11B0N8 FROM EASTERN OIL SHALE" a Dow 
Chemical Report in CEP . Septeo^er 1979. 

Abatract t A look at the four-year study Dow haa undertaken to determine the 
feesibility of recovering low-Btu gaa from Michigan Antrim ahale. 


B-040 


Dougan, P. M., "THE BX IN SITU OIL SHALE PROJECT" an Equity Oil Company Report in 
CEP , September 1979. 

Abatract t If thia effort aucceeda, the way will be open to develop a major portion 
of the world'a largest single oil shale deposit. 


B-041 

Griswold, C. F. et. al, "LIGHT OLEFINS FROM HYDROGENATED SHALE OIL" (co-authors 
Ballut, Kavianian, Dickson, Yesavage) Colorado School of Mines, Golden Colorado, 
Artical published in CEP . September 1979. 

Abstract ; Steam pyrolysis of hydrogenated shale oil gives yields of major gaseous 
coBiponents that compare well with those from petroleum fractions, and even higher 
yields of ethylene. 


B-042-P 


Shendrikar, A. D., G. B. Faudel, "DISTRIBUTION OF TRACE METALS DURING OIL SHALE 
RETORTING" TOSCO Corporation, Golden Colorado, in Environmental Science S Tec- 
hno lotty . March 1978. 

Abstract ; Three samples of raw oil shale from the Green River formation of Western 
Colorado were retorted under conditions simulating a potentially commercial 
process . 


B-043 (Microfiche) 

Sullivan, R. F., B. E. Stangeland, "CATALYTIC HYDROPROCESSING OF SHALE OIL TO 
PRODUCE DISTILLATE FUELS", Chev *on Research Co., Richmond, California, Sec. 
Report No. C0NF-770814~P2; CONE-. 80305— P2, February 1978. 

Abstract ; Results are presented of a study to demonstrate the feasibility of 
converting idiole shale oil to synthetic crude resembling a typical petroleum dis- 
tillate. Paraho shale oil was used in the study. Results show that Paraho shale 
oil can readily be dewatered and deashed by heating and settling. It can then be 
hydrodenitrified to make a premium refinery feedstock resembling desulfuriaed 
petroleum distillates. 
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B-44 (Microfiche) 


Chappell, W. R. "TRACE ELEMENTS IN OIL SHALE", Colorado University, Boulder, 
Colorado, Report No. COO— 4017*3, 1979. 

Abstract: The overall objective of the program is to evaluate the environmental 
and health consequences of the release of toxic trace elements (AS, R, F, HO, SE) 
by shale oil production and use. 


B*045 (Microfiche) 

Curtin, D. J., J. D. Dearth, G. L. Everett, M. P. Grosboli, G. A. Myers, "ARSENIC 
AMD NITROGEN REMOVAL DURING SHALE OIL UPGRADING", Atlantic Richfield Company, 
Dallas, Texas, Sec. Rept. Mo. COMF -780902— 92, 1978. 

Abstract : 

A reactor model for removal of AS and N from shale oil is presented. 


B-046 


Fox, J. R., R. K. Mason, J. J. Duvall, "PARTITIONING OF MAJOR, MINOR, AND TRACE 
ELEMENTS DURING SIMUUTED IN SITU OIL SHALE RETORTING IN A CONTROLLEO-STATE 
RETORT", California University, Berkely, April 1979. 

Abstract : The partitioning of 49 elements during 15 runs of the Larmie Energy 

Technology Center's controlled-state retort was investigated. 


B-047 


Lanning, W. C., "REFINING OF SHALE OIL", Department of Rnergy, Bartlesville, 
Olkahoma, Bartlesville Energy Research Center, Report No. BERC/IC— 77/3, May 1978. 

Abstract: The refining of shale oil is reviewed to assess the current state-of- 

the-art, especially as to the availability of technology suitable for operation on 
a connercial scale. Oil shale retorting processes as they affect the quality of 
the crude shale oil for refining, exploratory research on the character and refining 
of shale oil. And other published refining background leading to the present 
status are discussed. 


C-001 


R. M. Parsons Company, "PETROLEUM ANALYSIS, OCD REFINERY FOR DOW CHEMICAL", Job No. 
5350-1. 

Abstract ; Complete Analysis of Petroleum Crude and its Fractions. 
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D-OOl 


"GAS TURBINE LIQUID FUEL SPECIFICATIONS", General Electric, GEI-41047G. 

Abstract: Itemisetion of fuel epecificatione for eeveral types of liquid fuels 

suitable for use in General Electric heavy duty gas turbines. 


D-002 

"STANDARD SPECIFICATION FOR GAS TURBINE FUEL OILS", ANSl/ASTM D 2880*78. 
Abstractt Itenisation of ASTM fuel specifications for gas turbine engines. 


D-003. F-006 

Clayton, R. M., "A PARTIAL OXIDATION STAGING CONCEPT FOR CAS TURBINES USING 
BROADENED SPECIFICATION FUELS", Jet Propoulsion Laboratory, California Institute 
of Technology, presented at the Gas Turbine Conference and Exhibit and Solar Energy 
Conference, San Diego, California, March 12-15, 1979, American Society of Mechani- 
cal Engineers Publication 79-GT-169. 

Abstract ; A concept is described for using a very fuel-rich partial oxidation 
process as the first stage of a two-stage combustion system for onboard processing 
of broadened specification fuels to improve their cumbustion characteristics. 
Results of an initial step in teh experimental verification of the concept are 
presented, whre the basic benefits of H. enrichment are shown to provide extended 
lean-combustion limits and permit simultaneous achievement of ultralow levels of 
NO , CO end HC emissions. The H 2 required to obtain these results is within the 
rmge available from a partial oxidiation precombustion stage. Operation of a 
catalytic partial oxidation reactor using a conventional aviation turbine fuel 
(JPS) and an unconventional fuel (blend of JP5/xylene) is shown to produce a "fuel 
gas" stream with near-theoretical equilibrium H. content. However, a number of 
design considerations indicate that the precombustion stage should be incorporated 
as a thermal reaction. 


D-004-P. A-003-P. B-003-P F-008-P 

Moses, C. A., Naegeli, D. H., "FUEL PROPERTY EFFECTS ON COMBUSTOR PERFORMANCE", 
Southwest Research Institute presented at the Gas Turbine Conference and Exhibit and 
Solar Energy Conference, San-Diego, California, March 12-15, 1979, American 
Society of Mechanical Engineers Publication 79-GT-178. 

Abstract : 

Two combustor rigs have been used to study the sensitivities of combustor operation 
to the physical and chemical propoerties of fuels. Nineteen fuels including syn- 
fuels were used to accentuate the properties of concern: composition, viscosity 
and boiling-point distribution. Flame radiation and smoke were best correlated by 
hydrogen content rather than hydrocarbon structure; the soot formation was due to 
gas-phase reactions. Lean-blowout conditions were about the same for all fuels 
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txcept that gasoline could be burned leaner at idle conditions. Ignition liaits 
were nore sensitive to volatility then viacosity. Gaseous eaissions end conbustion 
efficiency were not significantly effected by fuel properties although som sen* 
sitivity to boiling point distribution wee evident. In all perfotaance areas the 
syncrude fuels correlated in the eesw ways as the petroleusi-derived fuels except 
for the NO^ eaissions from the nitrogen containing ahale oil fuel. 

D-005. E-002. P-013 

Foster) Allen D. , Doering, Harvey von I., Hicky, Joseph W. , "FUEL FLEXIBILITY IN 
HEAVY DUTY GAS TURBINES", Gas Turbine Products Division, General Electric Coapany, 
1976, GER-2222k. 

Abstract > Detailed presentation of gas turbine capabilities to handle a variety of 
fuels including low Btu gases, distillate fuels and heavy liquid fuels. Discussed 
fuel specifications, pretreatment processes and capabilities, and associated tur- 
bine maintenance problems. 


D-006 


"GAS TURBINE LIQUID FUEL SPECIFICATIONS", General Electric Company, GEI-41047G. 

Abstract ! Presents fuel chemical and physical specifications for a variety of 
fuels suitable for use in General Electric gas turbines. 


D-007 


"SPECIFICATIONS FOR GAS TURBINE FUEL GASES", General Electric Company, GEIO- 
41040C. 

Abstract : Specifications for gaseous fuels to be utilized in General Electric gas 

turbines are presented. 


D-008 Gas Turbine/Fuel Specifications 

General Electric. "GAS TURBINE LIQUID FUEL SPECIFICATIONS" No. FEJ-41407G. 


Abstract: Content: Fuel Classification and Operational Consideration. 

Fuel Specification. 

Fuel Hmdling and Treatment. 

Non- Fuel Contaminants. 

Fuel and Additive Evaluation and Sampling. 

Fuel Descriptions. 

Meaning of Specification Tests. 

Fuel Aiulysis Data Requirements. 
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D-009 


BBC - Brown Bovori TuxtOMehlnery« Xnc.« "FUEL 8PBCIPICATION • BBT: PS - 
RO", Undated Spec, from BBC. 

AbatrMt ; Detailed specification for gaaeoua and liquid turbine ftiela with 
appendix 'Guidelines for the handling and storage of gas turbine liquid fuels'. 


D-OlO 


Pear, J. S.. Lewis Research Center, NASA BROAO-SPBCXPICATION FUELS CONBUSTXON 
TECHNOLOGY PROGRAM— STATUS AND DESCRXPTXON", presentation at the Gas Turbine 
Conf., New Orleans, LA., March 10-13, 1980. 

Abstract : The use of "broad -specification” fuels in aircraft gas tuxbine eng- 
ines can be a significant factor in offsetting anticipated shortages of cur- 
rent-specification jet fuel in the latter part of the century. The changes 
in fuel properties acconpanying the use of broad-specification fuels will tend 
to cause nuaerous enissions, perfonance, and durability problens in currently- 
designed conbustion systeas. The NASA Broad-Specification Fuels Coabustion 
Technology Prograa is a contracted effort to evolve and deaonstrate the tech- 
nology required to utilize broad -specification fuels in current and next gen- 
eration coaewrcial Conventional Takeoff and Landing (CTOL) aircraft engines, 
and to verify this technology in full-scale engine tests in 1983. The prograa 
consists of three phases: Coabustor Concept Screening, Coabustor Optiaization 
Testing, and Engine Verification Testing. 


P-011 

Gleason, C. C. and J. A. Martone, General Electric and U. S. Air Force, "FUEL 
CHARACTER EFFECTS ON J79 AND PlOl ENGINE COMBUSTOR EMISSIONS”, presentation at 
the Gas Turbine Conf., New Orleans, La., March 10-13, 1980. 

Abstract i Results of a prograa to deteraine the effects of fuel properties on 
the pollutant eaissions of two US Air Force aircraft gas turbine engines are 
presented. Thirteen test fuels, including baseline JP-4 and JP-8, were eval- 
uated in a cannular (J79) and a full anmilar (FlOl) coMbustor. The principal 
fuel variables were hydrogen content, aroaatic structure, volatility, and 
distillation end point. Data analysis shows that fuel hydrogen content is a 
key fuel property, particularly with respect to hi^ power enissions (oxides 
of nitrogen and snoke) , and that low power enissions (carbon nonoxide and 
hydrocarbons) are nore dependent on f^l atonization and evaporation char- 
acteristics. 


P-012 

Gleason, C. C. and D. V. Bahr, General Electric Aircraft Engine Group, "FUEL 
PROPERTY EFFECTS ON LIFE CHARACTERISTICS OF AIRCRAFT TURBINE ENGINE COMUSTORS", 
presentation at the Gas lUzbine Conf., New Orleans, LA., March 10-13, 1980. 
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Abstract: Results of a prograa to dataraina tha affects of ftial propartias 
on the Ufa characteristics of two USAF/Ganaral Blactric aircraft turbine 
Migina coirt>ustors are presented. Thirteen test ftial s ware evaluated in an 
older technology cunnular conbustion systen (J79) and in an advanced tech* 
nology, virtually ssnkeless, cos^iact, annular cosftustion systea (PlOl) over 
wide ranges of siaulated engine operating conditions. 


D-013 

Midkiff, L. A., **S02-REMOVAL: NHERE DO NB STAND?*', frem Power. NOV. 1978. 

Abstract: The past five years have seen wet -scrubbing systeas coae of age, 
while witnessing the birth of dry -scrubbing alternatives. Amed with this 
new experience, how are we fixed to aeet ftiture requireaents of reliability, 
efficiency, and cost under stringent eaissions standards? 


D-014 (Microfiche) 

Roessler, N. U., et al, "INVESTIGATION OP SURPACE COMBUSTION CONCEPTS FOR 
NO, CONTROL IN UTILITY BOILERS AND STATIONARY GAS TURBINES", Aerospace Corp., 
El^egundo, CA., August 1973, NTIS: PB-224 424. 

Abstract: The report reviews the state of the art of concepts of surface 
coabustlon (that occurring near a solid surface) and assesses their applicability 
to large utility boilers and stationary gas turbines. Catalytic coabustlon 
looks promising for gas turbines. 


D-0.1 S (Microfiche) 

Downs. W.. "EQUIMOLAR N0-N02 ABSORPTION INTO MAOIESIA SLURRY: A PILOT FEASIBILITY 
STUDY", Babcock and Wilcox Co.. Nov. 1971, NTIS: PB-223 S79. 

Abstract: Investigation of the feasibility of absorption of equimolar concen- 

trations of NOx into MgO slurry on a ISOO efts wet scrubbing pilot plant. A wet 
scrubbing pilot plant consisting of several scrubbers was modified by the inclusion 
of an additional scrubber to enable series scrubbing of fly ash, sulfur dioxide, 
and finally nitrogen oxides. Gaseous nitrogen dioxide was injected into the flue 
gas following the S02 scrubber but before the NOx senftber. Seventeen tests were 
performed to evaluate paramenters including the liquid-to-gas ratio, the ratio of 
N02 to NO, slurry concentration, stoichiometry, and gas flow rate. NOx absorption 
was very poor for all conditions tested. 


P-016 

Juag>ei, Ando, et al. Processes Research, Inc., Cincinnati, Ohio, 'VITROGEN OXIDE 
ABATEICNT TECHNOLOGY IN JAPAN, 1973", NTIS: PB-276 948. 
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Abttrmct ; Th« report docuMfits dovolopaont, doaonstration, and control now in 
progroas In Japan on Japanoao proeoaaot pertaining to NOx abateaent froa flue 
gaeei. It briefly includea Japanese environaental eaission and control stand- 
ards, and aeasurment aethods. It presents control process descriptions, states 
of developaent, advantages, disadvantages, econoaics, and flow sheets for 13 
processes (including coabustion control, reduction, and absorption) for NOx 
abateaent froa waste gases. A new type of burner seeas aost proaising for NOx 
reaoval froa flue gases. 





D»017 

**DBMETALL1ZAT10N CATALYST TESTS OH HEAVY RESIDUAL OILS" by Henshillin, V. V., Y. K. 
Vail, B. A. Lipkind, A. V. Agefoner, All Union Scientific Res. Inst, of Oil 
Refining, Moscow USSR end Meruhnic P., C. Hongbri, Hydrocarbon Research Inc. 
Lawrencvilla, Maw Jersey and Roheds, H. F., U.S. EPA, prepared for EPA; June 1978. 

Abstract t In this report, all tests using USA catalyst have been described by the 
United States and all tests using USSR catalyst have been described by the USSR, 
and each country describes its aquipaent and operating procedures used in carrying 
out the tests. Included for each aging test are graphs showing degree of denatal> 
litJtion and dasulfurisation and the rata of catalyst deactivation. Freeh «td used 
catalyst analyses are presented along with detailed run susnaries and product 
inspections. 


P-018 

Eissn, F. 8., "PREPARATIOM OF GAS TURBINE ENGINE FUEL FROM SYNTHETIC CRUDE OIL 
DERIVED FROM COAL. FINAL REPORT ON PHASE 2, Sun Oil Company, Marcus Moos, PA, 
Report No. Ad-A'-007923, February 1975. 

Abstract ! A 232 gallon gas turbine fuel sample containing 23 volume percent 
aromatics (20*25 volume percent specification target). Was prepared from syn- 
thetic crude oil (syncrude) derived from Western Kentucky coal. The seven fuel 
specifications designated as most important were all met with the exception of 
sswke point. 


D-019 

Klarman, A. F., A. J. Rollo, "EFFECT OF FUEL BOUND NITROGEN ON OXIDES OF NITROGEN 
EMISSION FROM A GAS TURBINE ENGINE", Naval Air Propulsion Test Center, Trenton, 
New Jersey, Report Number Ad*A— >048382 

Abstract ! Fuels of varying nitrogen content were tested in a T63-A-5A engine to 
measure their effects on exhaust gas emissions. 


D-020 

Wolk, R. H., 8. A. Vejtasa, "ELECTIRC UTILITY FOSSIL FUELS BEYOND 1985", Electric 
Power Research Inst., Palo Alto, CA, Conf. 780902-P4, Sept. 1978. 
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Abstract: Potential narkets have been identified for liquid boiler, turbine, and 

combined cycle fuels, solid fuel (SPC), methanol. 


D-021 


Fejer, a. A., "DEVELOPMENT OF GAS TURBINE FUELS AND OOMBUSTION. AN OVERVIBU", 
Institute of Gas Technology, Chicago, Illinois, 1979, Report O0NF-790337~4. 

Abstract : Describes the characteristic features of the gas turbine engines, con- 
trasting them with their chief competitor, the steam cycle. The focus is on the 
aerodynamic processes in the co^ustion chMd>ers of traditional engines and 
includes an outline of the changes that are to be expected with the introduction of 
the synthetic and coal derived fuels. 


E-OOl 


Prem, L. L., WilliamB, V. R., "ELECTROCOALESCER COMPARISON PERFORMANCE TESTS", 
Atomics International l^vision of Rockmll International, U.S. Army Mobility 
Equipment Research and Development Command, presented at the Gas Turbine Conference 
a^ Exhibit and Solar Energy Conference, San Diego, California, March IT'-IS, 1979, 
American Society of Mechanical Engineers. 

Abstract ; Validation tests were carried out based upon tests specified in Military 
Specification MIL-F-SSOl. The Electrocoalescer has demonstrated excellent perfor- 
siance, has passed the validation test, and shomd an improved performance over that 
of the Military Standard Filter Separator. When tested with diesel fuel, the 
improvement was on the order of a factor of 10 or more. Moreover, it demonstrated a 
lower overall pressure drop. Use of the Electrocoalescer in fuels decontamination 
service is expected to result in cleaner fuels and longer filter life. 


E-002. D-005. F-013 

Foster, Allen D., Doering, Harvey von E., Hickey, Joseph H. , "FUEL FLEXIBILITY IN 
HEAVY DUTY GAS TURBINES", Gas Turbine Products Division, General Electric Company, 
1976, GER-2222k. 

Abstract ; Detailed presentation of gas turbine capabilities to handle a variety of 
fuels including low Btu gases, distillate fuels and heavy liquid fuels. Discussed 
fuel specifications, pretreatment processes and capabilities, and associated 
turbine maintenance problems. 


E-003 


Krulls, G. E., “GAS TURBINE LIQUID FUEL TREATMENT AND ANALYSIS", Journal of Engi- 
neering for Power , General Electric Company, January 1975. 

Abstract ; A discussion of the gas turbine and its liquid fuel burning experience 
leads into present concepts and practices. A description is given of the fuel 
treatment equipment including fuel washing, vanadium inhibition, fuel analysis and 
system automation. Fuel washing by centrifugal means as well as electrostatic 
techniques are presented. The effect of fuel parameters on system size, cost and 
performace is evaluated. A susnary of the experience gained shows that fuel 
treatment has indeed become a practical procedure. 


E-004 


Pitrolo, A. A., Bioko, A., Dreymann, S. S., Hickey, J. W., "HEAVY FUEL TREATMENT 
SYSTEMS," General v^ectric Company, 1974. 

Abstract ; The paper examines the capability and associated pretreatment and com** 
bustion problems of General Electric gas turbines firing heavy residual and crude 
oils. Tretreatment system capabilities and equipment are discussed in addition to 
turbine and compressor cleaning and maintenance practices. 
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E-005 


Byam, J. W. , Jr.y Draymann, S. Pitrolo* A. A. • "RESIDUAL FUEL TREATING AND 
HANDLING ’'OR BASE LOAD GAS TURBINES", General Electric Company, presented at the 
Gas Turbine Conference and Products Show, Houston, Texas, March 2-6, 1975. 
American Society of Mechanical Engineers Publication 75-GT-22. 

Abstract : This paper reviews the operating and maintenance experience of heavy 
fuel fired gas turbines used for base load power generation in an industrial 
complex. The data presented are based on over a quarter of a million fired hours of 
heavy fuel burning experience for ten gas turbines located in the Rhone Progil 
chlorine plant of Pont-de-Claix, France. A brief description of the turbine being 
studied txiA the arrangement of the power generation equipment in the chlorine plant 
is given. Three prime factors affecting maintenance/operation of the plant are 
discussed: physical and chemical proper ities of the fuel; environmental condi- 
tions of the site; and mode of operation for the power generation equipment. A 
description of the type of maintenance inspections performed in the gas turbine is 
given in detail. The logged maintenance data for the plant is discussed as t»ll as 
the maintenance performed on both the turbine and the turbine auxiliary components. 
Specific data are presented showing the causes of the forced outages and the year 
by year availability from the time of coasnissioning throu^ 1973. 


E-006 


Foster, A. D., "RESIDUAL FUEL TREATMENT", General Electric Company, presented at 
the General Electric Gas Turbine State of the Art Seminar, September 13-17, 1970. 
Saratoga Springs, New York, SOA-29-70. 

Abstract : The paper discusses pretreatment system and equipment for removal of 
trace alkali earth metals from heavy oils such as #6, residual and crude. 


E-007 


Krulls, G. E., "A SYSTEMS APPROACH TO LIQUID FUEL TREATMENT, Encotech Incorporated, 
presented at the Gas Turbine Conference and Products Show, Houston, Texas, March 2- 
6, 1973, American Society of Mechanical Engineers Publication 75-GT-84. 

Abstract ; Liquid fuel treatment systems are available in a variety of types and 
sizes for various kinds of fuels. It is the purpose of this paper to make sense out 
of this maze of equipment and develop a systematic approach to component selec- 
tion. In addition, the equations for calculating washing system efficiencies are 
presented as well as some new ideas in control systems and fuel analysis tech- 
niques. A gas turbine user should look at the total fuel history from refinery to 
exhaust stack as a part of the systems engineering work performed in the planning 
stages of a gas turbine or combined cycle installation. 


E-008 


Prok, G. M., G. T. Seng, "INITIAL CHAR/ nERIZATION OF AM EXPERIMENTAL REFREE 
BROADENED - SPECIFICATION (ERBS AVIATION TURBINE FUEL", NASA Technical Memorandum 
81440, January 1980. 
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Abstract ; Characterization data tfid a hydrocarbon compositional analysis are 
presented for a research teat fuel designated as an Experimental Referee Broadened- 
Specification (ERBS) aviation turbine fuel. This research fuel« which is a special 
blend of kerosine and hydrotreated catalytic gas oil, is a hypothetical represents** 
tion of a future fuel should it become necessary to broaden current kero jet speci- 
fications. it will be used as a reference fuel in research investigations into the 
effects of fuel property variations on the performance and durability of jet 
aircraft coiqtonenta, including combustors and fuel systems. 


E-009 


Hannah, S. A., M Jelus, J. M. Cohen, 'HEMOVAL OF UMCOMMON TRACE METALS BY PHYSICAL 
AMD CHEMICAL TREATMENT PROCESSES”, in Journal WPCF . by EPA, Cincinnati, Ohio. 
November 1977. 

Abstract ; To obtain data on the capability of physical-chemical treatment pro- 
cesses to remove trace metals from domestic wastewater, a comprehensive research 
project has been carried at the EPA Environmental Research Center in Cincinnati, 
Ohio, using continuous flow pilot plants. 


E-OlO 


Lanning, U. C., "DENITROGENATION OF COAL LIQUIDS”, Department of Energy, 
Bartlesville, OK, Bartlesville Energy Technology Center, Report Number BETC/IC — 
78/1, July 1978. 

Abstract ; The published literature related to denitrogenation of synthetic crude 
oils, primarily coal liquids, has been reviewed. The principal background comes 
from the area of petroleum refining and, more specifically, from the development of 
processes to upgrade residuum by hydrogenation and to hydrocrack heavier fractions 
to lighter distillable products. 
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F-ogi 


Pierce, R. M., Snith, C. E., Hinton, B. S. "ADVANCED COMBUSTION SYSTEM FOR 
STATIONARY GASTURBINE ENGINES", Voluaee I throng IV, Pratt & Whitney Aircraft 
Group, Government Products Division, United Technolgies Corporation, Prepared for 
U.S. Environmental Protection Agency, Office of Research and Development, (Final 
Draft Report, not officially released). 

Abstract ! Alternative turbine combustion techniques studied for the purpose of 
minimising NO emissions. Fuels studied include residual oil and synthetic oils. 
Best combustion system is two-staged firing (i.e. rich bum-quick quench). 


F-002 


Javetski, John, "THE CHANGING HffitLD OF GAS TURBINES", Power . September 1978. 

Abstract ! Provides a general overview of gas turbine design, technology improve- 
ments and anticipated changes in future turbines primarily as a result of energy 
efficiency and environmental demands. 


F-003 


"KLEENAIRE DENOX SYSTEMS FOR REH)VAL OP OXIDES OF NITROGEN, CARBON MONOXIDE, AND 
CARBCm PARTICULATES FROM INTERNAL COMBUSTION ENGINES, STEAMERS, BOILERS, TURBINES, 
FETROCHEM HEATERS, ETC.", Nevgas Nitrogen Corporation. 

Abstract! Manufacturer's sales brochure for nitrogen oxide removal from combus- 
tion gases. 


F-004 


Pillsburg, P. W., Singh, P. 0., John P., Stein T. R., Mulik, P. R. "FUEL EFFECTS IN 
RECENT COMBUSTION TURBINE BURNER TESTS OF SIX COAL LIQUIDS", presented at the Gas 
Turbine Conference and Exhibit and Solar Enrgy Confrence, San Diego, Calfironia, 
March 12-15, 1979, American Society of Mechanical Engineers Publication 79-GT-137. 

Abstract ! Comparative tests have been made in combustion turbine burners between 
six coal derived liquid (CDL) fuels and No. 2 distillate oil. All CDL fuels were 
evaluated in a half-scale (by diameter) combustor test rig, while one CDL fuel was 
also evaluated in a full scale high pressure combustion rig. The effects of these 
fuels on emissions of smoke and oxides of nitrogen, and on combustor metal tempera- 
ture are discussed. Also observed in the testing were flame radiation, post-test 
combustor cleaniness, and emissions of carbon monoxide and hydrocarbons. Two of 
the CDLs do appear to be within the tolerane band which present combustion turbines 
can accept with the exception of elevated NO emissions. This work is part of an 
Electric Power Research institute program fo develop burners for coal derived 
liquids. 
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F-005 


Sims, C. T., Doering, H. van E., Smith, D. P., "EFFECTS OF TOE COMBUSTION PRODUCTS 
OF COAL-DERIVED FUELS ON GAS TURBINE HOT-STAGE HARDWARE", General Electric 
Company, presented at the Gas Turbine Conference and Exhibit and Solar Energy 
Conference, San Diego, California, March 12-15, 1979, Ameriocan Society of Mech- 
anical Engineers Publication 79-GT-160. 

Abstract : This paper reports a DOE-sponsored program to evaluate the effect of the 
combustion products of coal-derived fuels on current and potential laaterials uaed 
\ in gas turbine hot-section components and on the plugging of cooling holes in air- 

cooled airfoils. Atmospheric-pressure small burner rigs and a combustor operating 
at elevated pressures and design air flows, equipped with a srgment of a first- 
stage nozzle (turbine simulator), were used in these evaluaticns. 


F-006. D-003 

Clayton, R. M., "A PARTIAL OXIDATION STAGING CONCEPT FOR GAS TURBINES USING 
BROADENED SPECIFICATION FUELS", Jet Propulsion Laboratory, California Institute 
of Technology, presented at the Gas Turbine Conference and Exhibit and Solar Energy 
Conference, San Diego, California, March 12-15, 1979, American Society of Mechani- 
cal Engineers Publication 79-GT-169. 


Abstract : A concept is described for using a very fuel-rich partial oxidation 
process as the first stage of a two-stage combustion system for onboard processing 
of broadened specification fuels to improve their combustion characteristics. 
Results of an initial step in the experimental verification of the concept are 
presented, where the basic benefits of H. enrichment are shown to provide extended 
lean-combustion limits and permit simultaneous achievement of ultralow levels of 
NO^, 00 and HC emissions. The required to obtain these results is within the 
rmge available from a partial raidiation precombustion stage. Operation of a 
catalytic partial oxidation reactor using a conventional aviation turbine fuel 
(JP5) and an unconventional fuel (blend of JP5/xylene) is shotm to produce a "fuel 
gas" stream with near-theoretical equilibrium H. content. However, a number of 
design considerations indicate that the precombustion stage should be incorporated 
as a thermal reaction. 


F-007 



Battista, R. A., Farrell, R. A., "DEVELOPMENT OF AN INDUSTRIAL GAS TJRBINE COMBUS- 
TOR BURNING A VARIETY OF GOAL-DERIVED LOW BTU FUELS AND DISTILLATE", Gas Turbine 
Division, General Electric Company, presented at the Gas Turbine Conference and 
exhibit and Solar Energy Conference, San Diego, California, March 12-15, 1979, 
American Society of Mechanical Engineers Publication 79-GT-172. 

Abstract : An industrial gas turbine combustor has been developed which is capable 
of operating over the gas turbine load range on a variety of coal-derived low Btu 
gases as well as No. 2 distillate fuel. At gas turbine cycle conditions using 
simulated coal-derived low Btu gas, CO emissions and combustor blowout character- 
istics are comparable to those obtained with current product line combustors 
burning No. 2 distillate. The results of laboratory single burner combustion.tests 
with simulated low Btu gases ranges in heating value form 809 to 1369 kcal/NM'^ (91- 
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154 Btu/scf) «rc described. Parseetrlc studies were also conducted in which the 
moisture content of the fuel (at conatant volumetric lower heating value) and 
heating value were varied. The results of these tests are compared with thoee 
obtained with a conventional constant croas-sectional area combustor and those of 
other investigators. 


F-008 


Mogal, J. C. Wolf, J. C., Bunker, W. W., "A HIGH TEMPERATURE TURBINE FOR OPERATION 
ON OOAL-OERIVED FUEL" Curtiss-Hright Corporation, U.S. Department of Energy, 
presented at the Gas Turbine Conference and Exhibit and Solar Energy Conference, 
San Diego, California, March 12-15, 1979, American Society of Mechanical Engineers 
Publication 79-GT-173. 

Abstract ; An opportunity exists for generating clean high efficiency electric 
power from coal by integrating a low Btu coal gasification system with a combined 
gas turbine-steam turbine cycle. Achieving this objective is dependent on devel- 
oping a gas turbine which can operate at temperatures over 2500 r (1427°C) in a 
combusted coal-gas environment. Transpiration-air-cooling of hot section blades 
and vanes is a concept which can effectively deal with both high gas temperatures 
and the aggressive atmosphere. A description of the concept early test experience 
and the building block testing approach for evaluating transpiration-air-cooling 
on simulated coal derived fuel are discussed. 


F-008-P. D-004-P. A-003-P. B-003-P 

Moses, C. A., Naegeli, D. H., "FUEL PROPERTY EFFECTS ON 00MBUST(Xt PERFORMANCE", 
Southwest Research Institute presented at the Gas Turbine Conference and Exhibit and 
Solar Energy Conference, San-Diego, California, March 12-15, 1979, American 
Society of Mechanical Engineers Publication 79-GT-178. 

Abstract ; 

Two 'jombustor rigs have been used to stu^y the sensitivities of combustor operation 
to '^he physical and chemical properties of fuels. Nineteen fuels including syn- 
fuels were used to accentuate the properties of concern: composition, viscosity 
and boiling-point distribution. Flame radiation and sisoke were best correlated by 
hydrogen content rather than hydrocarbon structure; the soot formation was due to 
gas-phase reactions. Lean-blowout conditions were about the same for all fuels 
except that gasoline could be burned leaner at idle conditions. Ignition limits 
were more sensitive to volatility than viscosity. Gaseous emissions and combustion 
efficiency were not significantly affected by fuel properties although some sen- 
sitivity to boiling point distribution was evident. In all performance areas the 
syncrude fuels correlated ^n the saise ways as the petroleum-derived fuels except 
for the NO^ emissions from the nitrogen containing shale oil fuel. 


F-009 


Folsom, B. A., Courtney, C. H., Heap, M. ?., "THE EFFECTS OF LBG COMPOSITION AND 
COMBUSTOR CHARACTERISTICS ON FUEL NO F(AMATION", Energy and Environmental 
Research Corporation, presented at the ct» Turbine Conference and Exhibit and Solar 
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Energy Conference, San Diego, California, March 12*15, 1979. American Society of 
Mechanical Engineers Publication 79-Gt-185. 


Abstract » The low Btu gas (LEG) combined gas and steam turbine power cycle is a 
potentially attractive alternative to the direct coal-fired steam cycle because of 
the potential for low sulfur emissions and high overall cycle efficiency. However, 
LEG may contain anaonia (NH.) which could be converted to nitrogen oxides (HO ) 
under typical combustion conditions. This paper examines the effects of LEG compo- 
sition and combustor design on NO emissions. Low Etu gases of varying composi- 
tions were synthesised from bottl& gases and fired in three atmospheric pressure 
flame reactorst diffusion flame reactor, flat flame reactor, and catalytic 
reactor. Nitrogen oxide emissions were found to be most sensitive to the concen- 
trations of MH. and hydrocarbon fuel gas in the synthetic LEG. Lowest NO emis- 
sions were produced by the diffusion flame reactor operating at near stoichiometric 
conditions and the catalytic reactor operating fuel rich. 


F-OlO 


Keaims, D. L., Hann, J. R., Ciliberti, D. F., Wolfe R. W., Ranadive, A. Y., 
Sverdrup, E. F., "DESIGN OF PRESSURIZED FLUID-BED COMBUSTOR/PARTICULATE CONTROL 
SYSTEM FCffil RELIABLE TURBINE OPERATION", Westinghouse Research and Development 
Center, presented at the Gas Turbine Conference and Exhibit and Solar Energy 
Conference, San Diego, California, March 12-15, 1979, American Society of Mechan- 
ical Engineers Publication 79-Gt-190. 

Abstract : The comnercial operation of coal-fired pressurised fluid-bed combus- 

tion-gas turbine plants for central station electric power generation or for indus- 
trial cogeneration applications depends on the reliable operation of the gas 
turbine. Reliable operation of the turbine is related to the particulate and 
chemical composition of the gases that it expands. This study is limited to an 
evaluation of paticulates as they limit turbine life by erosion. Pressurized 
fluid-bed combustor design and operation trade-offs exist that affect the particle 
concentration and size ranges presented to the gas cleaning equipment. Gas 
cleaning equipment choices will subsequently effect the particulates going up to 
the turbine. The development of a particle profile model permits an assessment of 
the effect of these decisions on the particles that enter the turbine. Turbine 
tolerance models previously developed by Westinghouse are then used to esimate 
turbine life and the incremental energy cost penalty. The scope of the evaluation 
procedure is presented and selected parametric cases presented to illustrate 
available trade-offs for design, operation and cost. 


F-011 


Stringer, J., Enrilich, S., Slaughter, W. W., Dolbec, A. C., "ASSESSMENT OF HOT GAS 
CLEAN-UP SYSTEMS AMD TURBINE EROS lOM/CORROS ION PROBLEMS IN PFBC COMBINED CYCLE 
SYSTEMS", Fossil Fuel and Advanced Systems Division, Electric Power Research 
Institute, presented at the Gas Turbine conference and Exhibit and Solar Energy 
Conference, San Diego, California, March 12-15, 1979, American Society of Mech- 
anical Engineers Publication 79-GT-195. 

Abstract : Alternative methods of producing electricity from coal idiile maintaining 
acceptable environmental standards are currently being examined in detail. One 
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•uch nethod involves the fluidised bed conbusCion of coal at elevated pressure 
using an acceptor in the fluidised bed to remove the sulfur. Steam is raised using 
heat exchangers within and above the bed| and tne hot combustion gases are expanded 
through a gas turbine. A serious limitatioi. in this system is the ability to 
reduce the particulate loading in the combustion gases to a level at tdiich a gas 
turbine having acceptable life can be constructed. The turbine may be either a new 
design or a modification of a currently available engine and palliatives include 
lowering the turbine inlet temperature* lowering the gas velocity through the 
turbine and "hardening" the turbine by the selection of appropriate materials or 
claddings for the vanes and blades. 


F-012 

Boothe, W. A., McNuellen, J. C., "HEAVY DUTY GAS TURBINE DESIGN CHANGES FOR USE 
WITH LOW BTU COAL GAS", Gas Turbine Division, General Electric Company, presented 
at the Gas Turbine Conference and Exhibit and Solar Energy Conference, San Diego, 
California, March 12-15, 1979, American Society of Mechanical Engineers Publica- 
tion 79-GT-198. 

Abstract ; An MS5000 gas turbine is now being redesigned for integrated operation 
on low Btu Lurgi coal gas in the Powerton Gasification Combined Cycle Test 
Facility. Air is extracted from the machine to provide process air for the 
gasifiers and a heat recovery steam generator provides steam for the gas plant. 
This paper describes the design modifications to the gas turbine and its control 
system to accomnodate such operation. Since the facility will demonstrate opera- 
tion in a variety of control modes using gas produced from a wide range of domestic 
coals, the gas turbine control system emphasizes flexibility and incorporates 
several functions unique to low Btu gas applications. Major modifications to the 
fuel and combustion systems are also required. Test results on the resulting new 
combustor design are reported in a companion paper. 


F-013. D-005. E-002 

Foster, Allen D., Doering, Harvey von E., Hickey, Joseph W. , "FUEL FLEXIBILITY IN 
HEAVY DUTY GAS TURBINES", Gas Turbine Products Division, General Electric Company, 
1976, GER-2222k. 

Abstract ! Detailed presentation of gas turbine capabilities to handle a variety of 
fuels including low Btu gases, distillate fuels and heavy liquid fuels. Discussed 
fuel specifications, pretreatment processes and capabilities, and associated 
turbine maintenance problems. 


F-014 


Hefner, W. J., Lordi, F. D., "PROGRESS IN HEAVY FUELS", Gas Turbine Division, 
General Electric Company, 1979, GER-3110A. 

Abstract ! The paper presents the various operational and environmental aspects of 
burning heavy oils in industrial gas turbines. Areas include turbine design, fuel 
additives, accessory system, turbine combustion deposits, emission controls and 
environmental regulations. 
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F-015 


Freider, A. J., Felix, P. C., Meet, H. J., "EXPERIENCES WITH CAS TURBINES BURNING 
NON-REFINED FUEL OILS AND REALTED THEORETICAL INVESTIGATIONS", BST Brown Boveri- 
Sulser Turbonechinery Limited, presented at the Gas Turbine Conference and 
Products Show, Zurich, Switserland, March 20 - April 4, 1974, American Society of 
Mechanical Engineers Publication 7S-GT-12. 

Abstract: This paper presents experience on large, low firing temperature European 
gas turbines operating on crude and residual fuels> The most economic fuel can be 
a distillate a heavy distillate, a crude oil, and, in some applications, even a 
residual fuel. 


F-016 


Netner, William J., "ALTERNATE FUELS CAPABILITY OF GAS TURBINES IN THE PROCESS 
INDUSTRY", General Electric Company, persented at the General Electric Gas Turbine 
State of the Art Engineering Seminar, June 20>23, 1976, Saratoga Springs, New York, 
ISOA-2-76. 

Abstract ; As we move into the latter 1970 's and early 1980 *s, we can anticipate a 
period of continuing uncertainty in availability of fuel suppliea for the process 
industry. Even though the overall picture is unclear, there are some aspects of 
the total problem that are predictable, with a reasonable degree of confidence. 
One of the developments that can be predicted on the domestic scene is the unavail- 
ability of natural gas as an industrial fuel. Short supplies of this resource have 
significantly limited the installation of new facilities utilising natural gas as a 
fuel supply, as well as creating a need to convert exiating equipment to use 
alternate supplies of fuel where uninterruptable sources of natural gas are no 
longer available. 

This paper discusses the fuel flexiblity of heavy-duty gas turbines and is a status 
report on the capability of today's equipment. In addition, techniques for evalu- 
ating alternate gas turbine fuels, including requirements for cleanliness, combus- 
tion properties, physical properties, composition, performance and emissions 
characteristcs, etc., are discussed. Fuels which are covered include: 

e Gasification Process Derived Fuels 
e By-Product Gases 

e Crude Oil 

e Residual Oil 

e Vaporised Liquid Fuels 

e Liquefied Coal Products 


F-017 


Patterson, John, R. "HEAVY-DUTY GAS TURBINE EXPERIENCE USING HEAVY FUELS", General 
Electric Company, presented at the General Electric Gas Turbine State of the Art 
Engineering Seminar, September 16, 17 and 18, 1974, Saratoga Springs, New York, 
180A-13-74. 


A-S6 




TTa*s^- 




Abstract t The purpose of this paper is to discuss the operating experience of 
General Electric HDGl using heavy liquid fuel in base load power generation service 
for an industrial plant. The operating statistics of the Rhone Progil chemical 
plant will be utilised in this discussion to show the viability of heavy liquid 
fuel fired gas turbines in base load industrial service and to show the favorable 
results of planned maintenance programs on availability and forced outage rate. 



F-018 


Patterson, J. R., "OPERATING AND MAINTENANCE EXPERIENCE FOR BASE LOAD CAS TURBINES 
USING HEAVY FUELS - A CASE STUDY", General Electric Company, presented at the Gas 
Turbine Conference and Products Show, Houston, Texas, March 2**6, 1975. American 
Society of Mechanical Engineers Publication 7S~GT*74. 

Abstract ; This paper reviews the operating and maintenance experience of heavy 
fuel fired gas turbines used for base load power generation in an industrial 
complex. The data presented are based on over a quarter of a million fired hours of 
heavy fuel burning experience for ten gas turbines located in the Rhone Progil 
chlorine plant of Pont-de-Claix, France. A brief description of the turbine being 
studied and the arrangement of the power generation equipment in the chlorine plant 
is given. Three prime factors affecting maintenance/operation of the plant are 
discussed: physical and chemical properties of the fuel; environmental conditions 
of the site; and a mode of operation for the power generation equipment. A 
description of the type of maintenance inspections performed on the gas turbine is 
given in detail. The logged maintenance data for the plant is discussed as well as 
the maintenance performed on both the turbine and the turbine auxilliary compo- 
nents. Specific data are presented showing the causes of the forced outages and 
the year by year availability from the time of commissioning through 1973. 


F-019 

"STANDARDS OF PERFORMANCE FOR STATIONARY GAS TURBINES", 40 Code of Federal Regula- 
tions, Part 60, Subpart GG, paragraph 60,330, Federal Register 52798, September 10, 
1979. 

Abstract ; Presents the allowable air pollution emission rates for stationary gas 
turbines with heat input at peak load equal to or greater than 10.7 giga joules per 
hour. Applicable for new sources for tdiich construction connensed after September 
10, 1979. 


F-020 


Bittker, D, A., NASA/ Lewis, "ANANALYTICAL STUDY OF NITROGEN OXIDES AND CARBON 
MONOXIDE EMISSIONS IN HYDROCARBON COMBUSTION WITH ADDED NITROGEN— PRELIMINARY 
RESULTS", Presentation at the Gas Turbine Conf., New Orleans, LA., March 13, *80. 

Abstract: 

This wor* is (me part of a foyr~pgrt Critical Research and Technoioi}- Faels 
Combustion Program funded by the Department of Energy. The primary objective 
of this pan of the program is to analytically determine the effect of combustor 
(grating conditions on the conversion of fuel-bound nitrogen IFBS) to nitrogen 
oxides ( SO, ) . The effect of FBS and of operating conditions on carbon monoxide 
iCO) formation was also studied. 
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F«021 

Bauseraan. G. N.. and A. Cohn, Nettinghouse Electric Corp. and EPRX. 'COM- 
BUSTION EFFECTS OF COAL LIQUID AND OUffiR SYN1NETIC FUELS IN GAS TURBINE COM- 
BUSTORS— PART XI: FULL SCALE COMBUSTOR AND CORROSION TESTS, Presentation at 

the Gas Turbine Conf., New Orleans, LA., March 10-13, 1980. 

Abstract : 

CombusHofi lau on over rwt/ie lypet efcoel derived Uquidfueltfrom the EDS, H- 
coat, SEC‘i and SEC-tt proeettet and three shale oll/iielt have been conducted In 
gat turbine type combustors. Emission measurements wre made of SO,, smoke, 

CO, and unbumed hydrocarbons. Combustor wall temperature profile were 
measured. The results are correlated with the fite! properties • percent nitrogen, 
hydrogen and aromaticity. This paper {Part //) describes the results of /w// scale 
combustor testing and of a long-term corroslon/deposiiion test. A companion 
paper by Cohn, et al. Part i discusses the fuels used in the program and the subscale 
combustor test results. 


F-022 

Singh, P. P., et al, Westinghouse Electric Corp., EPRI, and Mobil Res. and 
Dev. Corp., "COMPARATIVE TESTING OF PETROLEUM SURROGATE FUELS WITH COAL-DE- 
RIVED LIQUIDS IN A COMBUSTION TURBINE BURNER", Presentation at the Gas Tur- 
bine Conf., New Orleans, LA, March 10-13, 1980. 

Abstract : 

Tests have been made in a combustion turbine burner using six petroleum-dern ea 
surrogate IPDS) fueis simulating six coal-derived liquid {DCL) fuels tested earlier. 

The purpose being to examine their suitability for use in place of scarce CDL fuels 
for combustor development. The PDS and DCL fuels were matched in terms of 
aromaticity and fuel bound nitrogen although- differences in viscosity, distillation 
range and constituent species existed. In three cases, the low fuel bound nitrogen 
present in the PDS fuels was made equal to their coal liquid counterparts via the 
addition of quinoline. All six PDS fuels were evaluated onaO. 14-m-dia combustor 
while one of the surrogate fuels was evaluated on a 0.3-m-dia Westinghouse 
commercial combustor. 


P-023 

Liu, T. M., R. M. Washam, Jet Propulsion Lab. and General Electric Co., 
"SMOKE CHARACTERISTICS OF DISTILLATE AND RESIDUAL FUEL BURNING IN GAS TUR- 
BINE COMBUSTORS", Presentation at the Gas Turbine Conf., New Orleans. LA 
March 10-13, 1980. 

Abstract : 

During the developmen: of a rich-lean staged dry low NOx combustor, the conven- 
tional trend of increasing smoke with increasing operating equivalence ratio was 
found when tests were run with distillate fuel {%H ■ 13.0). However, when tests 
were run with residual fuel ■ II -4), the trend was reversed. In addition, 
when the same combustor was run with blends of distillate fuel and residua! fuel, a 
drastic improvement o.i' ;ru>ke was observed when only 6 percent of residua! fuel 
was mixed with distillate fuel, and for any blending of more than 10 percent of 
residual fuel the combustor was practically smoke free. A chemical analysis of fuel 
samples revealed an appreciable amount of trace metals in the residual fuel, giving 
rise to the suspicion that the smoke reduction may have been due in part to these 
trace metals. Of these elements found, vanadium is believed to be the most likely to 
cause smoke reduction because of its relatively high concentration. 
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P-024 

Naegeli, D. W., C. K. Moses, Southwest Research Institute, "EFFECT OF FISL 
MOLECULAR STRUCTURE ON SOOT FORMATION IN GAS TURBINE ENGINES", Presentation 
at the Gas Turbine Conf., New Orleans, LA, March 10-13, 1980. 

Abstract : 

A Mih'prmurt rutcren tembtoior optruiHg om t wkk ruig* t/ btinter Inkt 
€Otidiilotu was uttd to diurmiM tkt offten molteubtr tinieturt on soot 
/ormotioo. Six isn/kieb wWA e^M/ eoomt U2.iperctni) wtrt bkoM 

to ttrm difftrom moheuhr compoimtt mdfiml bofflog potitu. Thtfiiob too- 
toitUtig hiik cooetiurotioiu {K ptfttni) oS poly-cyelk oromotkt ond pmMly 
totwmttd potyeyellc ttruetum toeb at ferraZ/e, prodttetd mort toot ibon utould be 
expected from « hydrogen eonieiu eorrtfotlon for lypieol peiroleiim buedfuelt, 

Ho^mer, fUett eontoMng tuphthenet, eoeh ot deeolin, agreed ndth the hy^ogen 
content eorrHotion. The eotaribution of potycyette oromatta to toot formation wot 
egylvolent to a redualon In fuel hydrogen tontent of about one percent. The fuel 
tentitivlty to toot formation due to the polycyclic aromatic contribution decreoted 
at burner Inlet pretture andfuellalr ratio Inertated. 


F-02S 


Blazowski, W. S., A. P. Sarofin, J. C. Keck, Exxon Research and Engineering Co., 
and MIT, "THE INTERRELATIONSHIP BETWEEN SOOT AND FUEL NOx CO^r^ROL IN GAS TUR- 
BINE COMBUSTORS", Presentation at the Gas Turbine Conf., New Orleans, LA., 

March 10-13, 1980. 

A bstract : 7 ^ gttrtard hygroetn content of future fuel* mil lead to increased formation 0 / coot. 

while increased organically bound nitrogen in the fuel can result in etceseive NO, Offlic* 
non. Control concepts far these two problems are in conflict: preoentian of scat reguires 
leaner oneration while control 0 / emissions from fuel nitrogen reguires fuel^rich opera- 
tion. HMi‘ !ver, recent results of two DOE research programs point to both processes boo- 
ing a major ^pendence on "hydrocarbon breakthrough." Control of bath fuel nitrogen 
eonuersion and coot formation can be achieoed by primary tone operation at eguitialence 
ratios just below that for hydrocarbon breakthrough. This paper reoieue the evidence far 
the importance of hydrocarbon breakthrough, es plains our current understanding of why 
hydrotarbon breakthrough is important, and offers suggestions of how these resulu might 
be applied. 


F-026 

Singh, P. P., A Cohn, et al, Westinghouse Electric Corp., Mobil Res. and Dev. 
Corp. and EPRI, "COMBUSTION EFFECTS OF COAL LIQUID AND OTHER SYKTHETIC FUELS IN 
GAS TURBINE COMBUSTORS- PART I: FUELS USED AND SUBSCALE COMBUSTION RESULTS", 


Abstract : 


Combustion tests on over twelve types of coal derived liquid fuels from the CDS, H- 
coal, SRC-I and 5KC-II processes and three shale oil fuels have been conducted In 
gas turbine type combustors. Emission measurements were made of No,, smoke, 
CO, and unburned hydrocarbons. Combustor well temperature profiles were 
measured. The results a’i correlated with the fuel properties-perttnt nitrogen, 
hydrogen and aromaticity. This part of the paper discusses the fuels used in subscale 
combustion tests along with the test results. A companion papc' {Part If) describes 
the results of full-scale combustor tests and a long tern corrosion/deposition test. 
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F-027 (Microfiche) 


Chappell, G. A., Esao Res. and Eng. Co., Linden, N. J., "DEVELOPMENT OF IHE 
AQUEOUS PROCESSES FOR REMOVING NOx PROM FLUE GASES", June 1973, NTXS: PB-226-S12. 

Abstract ; A screening study was conducted to evaluate the capability of aqueous 
solutions to scrub NOx from the flue gases emitted by stationary power plants 
fired with fossil fuels. The key findings discussed include; The addition of 
NO, to flue gas to improve NOx (mostly NO) absorption does not appear promising: 
Sulfite solutions and slurries are efficient N02*S02 absorbents; Calcium, mag- 
nesium, and zinc hydroxide slurries are effective NO 2 -SO 2 absorbers; Limestone 
(CaC03) is also a good NO-SO 2 absorbent for the same reasons as for Ca(0H)2; 

NO 2 scrubbing is enhanced by removing oxygen from the flue gas or by adding an 
anti-oxidant such as hydroguinone to the scrubbing solution; Sulfide solutions 
are excellent N02 and S02 absorbers but to generate a small amount of NO; and 
Part of the absorbed S02 is oxidized to sulfate. Combined NOx-SOx scrubbing 
seems feasible using any of several hydroxide or carbonate systems provided 
NOx(NO) can be efficiently exicized to N02 upstream from the scrubbing unit. 


F-028 (Microfiche) 

Lowell, P. S., Parsons, T. B. Radian Corp., Austin, Texas, "A IMEORETICAL STUDY 
OF NOx ABSORPTION USING AQUEOUS ALKALINE AND DRY SORBENTS", Final Report, 
December 1971, NTIS; PB-211 035. 

Abstract : The study was carried out to develop a theoretical description of 
aqueous scrubbing processes for NOx emission control. 


P-029 (Microfiche) 

Lowell, P. S., Parsons, i . B., Radian Corp., Austin, Texas, "A THEORETICAL STUDY 
OP NOx ABSORPTION USING AQUEOUS ALKALINE AND DRY SORBENTS. VOLUME II", Final 
Report, December 1971, NTIS; PB-211 058. 

Ab stract ; Technical notes pertaining to, and developed during, a study of the 
theoretical description of aqueous scrubbing processes for NOx emission control 
are presented. 


F-030 (Microfiche) 

Chappell, G. A., Esso Res. and Eng. Co., Linden, N. J., DEVELOPiiCNT OF AQUEOUS 
PROCESSES FOR REMOVING NOx FROM FLUE GASSES -ADDENDUM", SepteBd>er 1972, 

NTIS; PB-212 858. 

Abstract ; The report summarizes the findings of a laboratory program for dev- 
eloping aqueous processes for removing NOx and S02 from combustion flue gases. 
It discusses analytical techniques and scrubber design, as well as results ob- 
tained experimentally with a vertical spray tower scrubber. 
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P-031 (Mlczofiche) 


Gouldin, F. C., Cornell Unlv, Ithaca* N. Y.* 'mrTRDLLlNG EMISSIONS FROM GAS 
TURBINES - THE IMPORTANCE OP CHEMICAL KINETICS AND TURBULENT MIXING", Nov. 1972, 
NTIS: PB-227 862 

Abstract: An ideal conbustor coi^sed of a fuel -air nixing zone followed by a 
perfectly stirred reactor (PSE) and a series of plug-flow reactors is studied 
to detemine odssion levels of NOx, CO, unbumed hydrocarbons and soot. 


P-032 (Microfiche) 

Shinizu, A. B., et al, Acurex Corp., Mountain View, CA, *W)x COMBUSTION CONTROL 
METHODS AND COSTS FOR STATIONARY SOURCES, SUMMARY STUDY", Sept. 197S, 

NTIS: PB-246 750. 

Abstract : The report sunnarizes the technology, user experience, and cost for 
ttOx control fron stationary conbustion sources. It chax^terizes significant 
sources by equipnent type, fuel consuq>tion, and annual nass «d.ssion of NOx. 

It sunnarizes NOx control technology by coi^ustion nodification, fuel nodification, 
flue gas treatment, and use of alternate processes. It identifies cMbustion 
nodifications as the nost advanced and effective technique for near-and-far term 
NOx control. It gives available capital and differential operating costs for 
NOx control in utility boilers by conbustion modification and flue gas treatment. 


P-033 (Microfiche) 

EPRI, Palo Alto, CA, 'THE PROCEEDINGS OF THE NOx CONTROL TECHNOLOGY SEMINAR, HELD 
IN SAN FRANCISCO, CALIFORNIA ON FEB. 5-6, 1976", Feb. 1976, NTIS: PB-253-661/ 
3ST. 


Abstract : On February 5 and 6, 1976, EPRI sponsored a ccmference in San Francisco 
on the status of technology for control of oxides of nitrogen from power generation 
facilities coal -fired steam generators, gas turbines and synthetic fuel NOx emis- 
sions were covered during the two-day seminar. 


P-034 (Microfiche) 

KVB Engineering, Inc., Tustin, CA, "REDUCTION ON NOx THROUGH STAGE COMBUSTION IN 
COMBINED aCLE SUPPLEMENTAL BOILERS, VOLUME 18 2, SYSTEMS OPTIMIZATION ANALYSES", 
Final Report, Feb. 1975, NTIS: PB-241 464 and PB-241 463/9ST. 

itestract : This report discusses an investigation directed to control of emissions 
from stqiplemental -fired coibined cycles with the use of staged combustion in the 
steam generating portion of the system. The use of staged cori>ustion provides 
conditions favorable for the occurrence of chemical reactions that result in a 
reduction of nass flow of nitric oxide (NO) present in the gas turbine e:diaust. 
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P-035 (Microfiche) 


Koutsoukos, B. P., et al, TRW Systeas, Redondo Beach, CR, "AS^SSNBNT OP CATA- 
LYSTS FOR CONTROL OP NOx PROM STATIONARY POKER PLANTS, PHASE 1, VOLtME 1. 

Pinal Report, January 1975, NTIS: PB-2S9 745/3 ST. 

Abstract ; The report suMutrizes results of investigations to assess the technical 
and econoaic feasibility of using catalytic processes in power plant nitrogm 
oxide (NOx) eaission abatOMnt. The investigations involved a literature sur- 
vey and the developaent of a data bank on pertinent articles and patents, ex- 
periaental screening tests on selected proaising catalysts, and preliainary de- 
sign and cost analysis of candidate processes adapted to new and/or existing 
power plants. 


F-036 (Microfiche) 

Hunter. S. C., et al, KVB, Inc., Tustin, CA, "APPLICATION OF COUBUSTION MODI- 
FICATIONS OF INDUSTRIAL EQUIPMENT", Pinal Report, January 1979, NTIS: PB>294 

214/2ST. 

Abstract : The report gives results of a field test prograa to evaluate the ef- 
fect of ainor coiri>ustion aodifications on pollutant emissions froa a variety 
of industrial coabustion equipaent types. Tested were 22 units, including re- 
finery process heaters; clay and ceaent kilns; steel and aluainua furnaces; 
boilers burning black liquor, wood bark, and CO gas; internal conbustion eng- 
ines; and gas-turbine combined cycles. 


P-037 (Microfiche) 

Crawford, A. R. , et al, Exxon Research and Eng. Co, Linden, N.J., 'KXINTROL OF 
UTILITY BOILER AND GAS TURBINE POLLUTANT EMISSIONS BY CONBUSTION MODIFICATION- 
PHASE I", March 1978, NTIS: PB-281 078/6ST. 


Abstract : The report gives results of a field study to assess the applicability 
of combustion modification techniques to control NOx and other pollutant emis- 
sions from utility boilers and gas turbines without causing deleterious side 
effects. Comprehensive, statistically designed tests were used to evaluate 
the effect of conbustion modifications. 


P-038 (Microfiche) 

Evans, R. M., et al, Acurex Corp., Mountain View, CA, *tX)NTROL TECHNIQUES FOR 
NITROGEN OXIDES EMISSIONS PROM STATIONARY SOURCES - SECOND EDITION", Pinal 
Report, January 1978, NTIS: PB-280 034/0ST. 
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y>stract ; This second edition of Control Techniques for Nitrogen Oxites 
Enissions fron Stationery Sources (AP-67) presents recmt developamts of 
nitrogen oxides (NOs) control techniques tAich have becoae available since 
preparation of the first edition. 


P-039 CMicrofiche) 

Ando, Ju^pei, et al, PBDGO-BnvironnMktal, Inc*, Cincinnati, Ohio, “NOx 
ABATEMENT FOR STATIONARY SOURCES IN JAPAN**, Pinal Report, Sept. 1977, 

NTIS: PB0276 948/7ST 

Abstract ; The report describes the status of NOx abatwent technology for 
stationary sources in J^>an as of August 1976. The report Mphasizes flue 
gas treataent processes for control of NOx and SOx from flue gases. 


P-040 (Microfiche) 

Clay, D. T., and S. Lynn, Calif. Univ., Berkeley, CA., "UBVELOPICNT OF A 
FEASIBLE PROCESS FOR ITiE SIMULTANEOUS REMOVAL OF NITROGEN OXIDES AND SULFUR 
OXIDES FROM FOSSIL FUEL BURNING POKER PLANTS*', June, 1974, NTIS: LBL-30S9. 

Absteact ; A dry solids process has been developed for the siaultaneous renoval 
of NO and S02 fron power plant stack gases. A catalyst/absoxbent in a net 
reducing flue gas effects the renoval of S02 by absorption as ferrous sulfide 
or sulfate and the removal of NO by reduction to nitrogen or anaionia. 


P-041 (Microfiche) 

Tlionas, T. P., et al. Allied Chealcal Corp., Idaho Falls, Idaho, "REDUCTKW OF 
NOx NIIH AMiONIA OVER ZEOLITE CATALYSTS", 1974, NTIS: C0NF-7406]4-4. 

Abstract: see: NSA 30 08, nuaber 23350. 


F-042 (Microfiche) 

Mosier, Stanley A., et al, Pratt and Whitney Aircraft, N. Palm Beach, FLA, 
"LON-PONER TURBOPROPULSION COMBUSTOR EXHAUST EMISSIONS, VOLUME III ANALYSIS", 
Final technical report, July, 1974, NTIS: AD- 784 900/3 

Abstract : The e:q>loratory developaent effort to foraulate and develop a 
computerized theoretical aodel to predict eaission characteristics of gas 
turbine coMbustors and to identify, evaluate, and deaonstrate iaqproved com- 
bustion design techniques for increasing conbustion effeciency at part power 
operating conditions was em>ended to include detailed coiqmter model and 
experiaantal data analyses. The generalized coabustor conputor program was 
used to predict exhaust emission concentrations from five different gas tur- 
bine engine burners; predictions were then eospared with measured data. In 
general, excellent agreement was achieved. 
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P-043 (Iflcxofiche) 


Nirchiomia, N. R., «t al, Natimal Aefronautiea and ^ca Adain., Lawlt Ras. 
Cantar, Clavaland, Ohio, **BPPECT OP MATBR INJBCmON ON NITRIC OXIDE EMISSIONS 
OP A GAS TURBINE GQNIUSTOR BURNING NATURAL GAS PUEL'*, Dac. 1973, NTIS: N74- 
14651^5. 

Abstract: Tha afEsct of diract watar injactlon on tha axhaust gas aaissions 
of a turbojat coabustor burning natural gas fhal was invastigatad. Tha 
rasults ara CMgiarad with tha rasults irm siailar tasts using ASIN Jat-A 
fbal. Incraasi^ watar injaction dacraasad tha aaissions of oxidas of nit- 
rogan (NOx) and incraasad tha aaissions of carbon aonoxida and unbumad 
hydrocarbons. 


P-044 (Nircofiche) 

Netsler, A. J., NASA/Lewis. Clevoiand, Ohio, "CONTROL OP NITROGEN DIOXIDE IN 
STACK EMISSION BY REACTION WITH AM40NIA", March 1971. NTIS: N71-20267. 

Abstract ; Research rocket operations released nitrogen dioxide (N02) con- 
taining stack gases to the ataosphere. To elininate the potential hazard 
of this release, as gas-idiase reactor systea was developed idiich used an- 
hydrous aaaonia to convert the N02 to aaaonium nitrate. 


F-04S (Microfiche) 

Loriner, D. H., Cal. Univ., Berkeley. Lawrence Berkeley Lab., "REDUCTION OP 
NITRIC OXIDE BY CARBON MONOXIDE OVER A SILICA SUPPORTED PLATINUM CATALYST: 
INFRARED AND KINETIC STUDIES", July 1978, NTIS: LBL-8007. 

Abstract : The reduction of nitric oxide by carbon nonoxide over a 4.5 Nt.% 
platinum catalyst supported on silica was studied at 300*C. Reaction rate 
data was obtained together with in situ infrared spectra of species on the 
catalyst surface. 


F-046 (Nircofiche) 

Mulars, E. J., et al. HASA/Lewis, Cleveland, OH, "POLLUTION EMISSIONS PROM 
SINGLE SNIRL-CAN COMBUSTOR MODULES AT PARAMETRIC TEST CONDITIONS", January, 
1975, NTIS: N75-15200/9ST. 

Abstract : Ediaust pollutant emissions were measured from single swirl -can 
combustor nodules operating over a pressure range of 69 to 276 N/sq cm 
(100 to 400 psia), over a fuel -air ratio range of 0.01 to 0.04, at an inlet 
air temperature of 733 K (860 P), and at a constant reference velocity of 
23.2 m/sec. 
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P-047 (Microfiche) 


Roffe, G., and A. Perri, Advanced Technology Labs., Inc., Westbury, N.Y., 
••PREVAPORIZATION AND PREMIXING TO OBTAIN LOW OXIDES OP NITROGEN IN GAS TUR- 
BINE COMBUSTORS^^, Pinal Report, March 1975, NTIS: N75-I7362/5ST. 

^street ; Tests were conducted to detemine the effectiveness of prevapor- 
ization and prenixing in reducing the fbmation of oxides of nitrogen in a 
gas turbine type combustor using liquid JP-5 fuel at the supersonic cruise 
condition. 


P-048 (Microfiche) 

Roffe, G., General /q>plied Science ^bs., Inc., Nestbury, N.Y., ••EPPECT OF 
INLET TEMPERATURE AND PRESSURE ON EMISSION FROM A PREMIXING GAS TURBINE 
PRIMARY ZONE COMBUSTOR", Final Report, Sept. 1976, MTIS: N76-33208/9ST. 

Abstract ; E]q>erim6nts were conducted to determine the performance of a pre 
mixing prevaporizing gas turbine primary zone combustor design over a range 
of combustor inlet temperatures from 700-1000 K and a range of inlet pres- 
sures from 40-240 N/sq cm. 


P-049 

Faucett, H. L., et al, Tenn. Valley Authority, Muscle Shoals, ALA, ••TECHNICAL 
ASSESSMEOT OF NOx REMOVAL PROCESSES FOR UTILITY APPLICATION^^, Pinal Report, 
March 1978, NTIS: EPRI-AF-568. 

Abstract : A state-of-the-art review of the processes currently being develop- 
ed for the removal of nitrogen oxides (NOx) from power plant stack gas was 
conducted. The major sections in each tecluiical evaluation for each process 
included detailed process descripti<m containing a simplified block flow dia- 
gram, the current status of development of the process, the raw material and 
utility requirements, the published economics, the technical and environmental 
considerations, and the overall advantages and disadvantages of the process. 

P-OSO (Microfiche) 

KVB Engineering, Tustin, CA, ••REDUCTION OP NOx THROUQl STAGED C0I6USTI0N IN 
COMBINED aCLE SUPPLEMENTAL BOILBRS^^, VoluM 1, February 1975, NTIS: PB-241-463. 


P-051 (Microfiche) 

Hurley, J. P., and S. Hersh, ••EFFECT OF SMOKE AND CORROSSION SUPPRESSANT AD- 
DITIVES ON PARTICULATE AND GASEOUS EMISSIONS PROM A UTILITY GAS TURBINE", 
Final Report, KVB, Inc., Scarsdale, N.Y., March 1977, NTIS: EPRI-FP-398. 
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F-052 

MeCutchcn, G. D., EPA. *'MOx EMI88I0R TRENDS AND FEDERAL REGULATION", Presentation 
ett AlCHE, 69th ennuel meeting Noveober /December 1976. 

Abetrect t At present regulatory levels, national nitrogen oxides (NOx) emissions 
from stationery aources are projected to increase 66 percent. Applying best 
technology to ell new sources would slow, but not stop, this increase, a situation 
due more to low levels of available control technology than to rapid growth. A 
mutli -pronged regulatory strategy is needed to reverse this upward trend. 


F-0S3 


Liseuskas, R. A., 8. A. Johnson, "NOx FORMATION DURING GAS 00MBU8TI0N", Riley 
Stoker Corp., Worcester, Mass.; in CEP . August 1976. 

Abstract : The overall conversion of coal nitrogen to NOx in a gasification/combus- 
tion process was found to be significantly lower than that which occurs in the 
direct burning of pulverised coal. 


F-054 


Gasparovic, No., J. D. Stapersma, "GAS TURBINES WITH HEAT EXCHANGER AND WATER 
INJECTION IN THE COMPRESSED AIR", Article in COMBUSTION . December 1973, from 
"Brennstoff'^aerme-Kraft, June 1973. 

Abstract ; In gas turbine plants with heat exchanger, water injection into the 
compressed air between the compressor and the heat exchanger only marginally 
increases the efficiency but it substantially raises output, regarded from the point 
of view of energy economics, by as much as 55Z in two-shaft plants. The specific 
cost is thus reduced as compared with simple gas turbines without heat exchanger. 
Regulation of the water supply presents to difficulty. The transient behavior is 
discussed. The addition of water to the cycle reduces the emission of nitrogen 
oxides by at least half. 

F-05S 

23 Articles from Magaaines: DESUUIHH2ATI0W . 

1> THE THOROUGHBRED 101 DESULFURIZATION PROCESS CEP, May 1975, Japan, 
Chiyoda Ch.E 6 C. Co. 

2) EPA/RTP PILOT STUDIES RELATED TO UNSATURATED OPERATION OF UME AND 
UMESTONE SCRUBBERS, Combustion . October 1975, EPA. 

3) RELIABILITY OF FLUE GAS DESULFURIZAITON SYSTEMS, Combustion . October 
1975, General Electric Company. 

4) STACK GAS SCRUBBING - THE "CON" VIEWPOINT, Combustion October 1975, 
American Electric Power Service Corporation. 

5) DETAILED COST ESTIMATES FOR ADVANCED EFFLUENT DESULFURIZATION PROCESS, 
Combustion. October 1975, TVA. 
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6 ) 

7) 

8 ) 

9) 

10 ) 
ID 
12 ) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20 ) 

21 ) 

22 ) 


STATUS AND PROBLEMS OF RBGEIIERABLE FLUE GAS DESULFURIZATION PROCESSES, 
Journal of th« Air Polution Control Ai>oci«tion . Soptoi^or 1976, 
Battelle. 

SO, SCRUBBER PASSES TEST AT FIRESTONE, Pollution Enttineorinn . April 

1977, Firestone Tire and Rubber Company. 

SO, SCRUBBING, CLEANING THE AIR, Environmental Science 6 Technoloav . 
January 1978, BPA. 

ALTERNATIVES FOR STACK GAS DESULFURIZATION BY THROWAWAY SCRUBBING, 
CEP . February 1978, Univeraity of California, Berkeley. 

THE KELLOGG/WEIR SCRUBBING SYSTEM, February 1978, Pullman 

Kellogg. 

LIME • UMBSTONE SCRUBBING: DESIGN CONSIDERATIONS, February 

1978, SAS Corporation. 

JET BUBBUNG FLUB GAS DESULFURIZATION, m, February 1978, Chiyoda 
Cb.E 6 C. Co. , Japan. 

THE THIOSOtBIC FLUE GAS DESULFURIZATION PROCESS, February 1978, 

Dravo Corporation. 

THE OOLSTRIP FLUE GAS CLEANING SYSTEM, February 1978, Montana 

Power Corp., Bechtel Power Corp., Combustion Equipment Assoc. Inc., A. 
D. Little Inc. 

ADVANCED IN SO^ STACK GAS SCRUBBING, CEP, February 1978, EPA. 

EFFICIENCY AND RELIABILITY OF SULFUR DIOXIDE SCRUBBERS, J ournal of the 
Air Pollution Control Association . July 1978, National Assoc, of 
Electric Companies. 

DRY SCRUBBING LOOMS LARGE IN SO, CLEANUP PLANS, Chemical Engineerina . 
August 1979 (News Feature). 

LIME/LIMESTONE SCRUBBER OPERATION AND CONTROL, Journal of the Air Pol- 
lution Control Association . October 1979, Radian Corp. and EPRI. 

SULFUR OXIDES REMOVAL BY WET SCRUBBING APPLICATION TO UTILITY BOILERS, 
Combustion . October lv75. Combustion Engineering, Inc. 

ESTIMATING COSTS OF FLUE GAS DESULFURIZATION SYSTEMS FOR UTILITY 
BOILERS, Journal of the Air Pollution Control Assoc .. March 1976, 
PEDCo - Environmental Specialists, Inc. and EPA. 

U.S. UTILITIES CHALLENGED TO EMULATE JAPAN'S FGD SCRUBBER TECHNOLOGY, 
Journal of the Air Pollution Control Assoc .. November 1978, Tech. 
News. 

STATUS OF SCRUBBERS ON COAL-FIRED POWER PLANTS, December 1977, Journal 
Air Polution Control Assoc., January 1979, Battelle and U.S. DOD. 
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23) TWO-STAGE, DRY PCD AND PARTICULATE REMOVAL SYSTEM, Journal Air Pollu- 
tion Control Aaaoc., April 1979. 


P-056 


Pive papers from Magazines: NITROGEN REDUCTION. 

1) INFLUENCE OF COMBUSTION MODIFICATION AND FUEL NITROGEN CONTENT ON 
NITROGEN OXIDES EMISSIONS FROM FUEL OIL COMBUSTION, Combustion . August 

1972, by Esso Res. and Eng. Co. 

2) NOx EMISSIONS FROM INDUSTRIALS BOILERS; POTENTENTIAL CONTROL METHODS, 
Combustion . October 1973, by Siegmund and Tumes, ASME Conference, may 

1973. 

3) A WAY TO LOWER NOx IN UTILITY BOILERS, Environmental Science & Techno- 
logy . PAT - Report March 1977, Exxon Res. and Eng. Company. 

4) A NEW CATALYTIC REACTOR FOR NITROGEN OXIDES REMOVAL, Journal of the Air 
Pollution Control Association . October 1979, Hitachi Ltd. Japan. 

5) SELECTIVE REDUCTION OF NITROGEN OXIDES IN COMBUSTION FLUE GASES, 
Journal of the Air Pollution Control Association . Hitachi Ltd., Japan. 


F-0S7 

Dusatko, G., "TAUTON MUNICIPAL LIGHTING PLANT", Particulate Emissions Test 
Program, by KVB, Report No. 18400-666, July 1978. 

Abstract : A series of particulate emissions tests were conducted by KVB Inc. at 
the Cleary/Flood Station, Taunton Municipal Light Company, located in Taunton, 
Massachusetts. The purpose was to demonstrate c.>mpliance with emission limita- 
tions of 0.12 lbs/ 10 Btu adopted by the Southeastern Massachusetts Air Pollution 
Control District. Number 6 fuel oil with a nominal sulfur content of 0.9Z was 
burned in both the gas turbine and boiler during the test period. 

This report contains the results of the tests and associated docuisentation of the 
raw data, reduced data and test conditions. Applicable pretest data, field test 
data and reduced data are presented in the appendices. The fuel analysis presented 
in this report shows results of individual samples taken during each particulate 
test for both the turbine and the boiler. 


F-058 


Telles, A. J., "TURBINE EMISSION CONTROL, A SYSTEM APPROACH", Telles Environmental 
Systems Inc., Presentation at the 68th Annuel Meeting Air Pollution Control Associ- 
ation, June 1975. 

Abstract : An emission control system has been in operation on a 17000 lb. thrust 
Jet engine test cell for the past 3 years. This study and control system instal- 
lation was concerned primarily with the particulate and noise emisisons. 
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F-0S9-H 


"PROPOSED STANDARDS OF PERFORMANCE FOR STATIONARY GAS TURBINES", VoluM 1 of 
Standort^ Support '->ud Eitvironmantal Impact Statamant, U.S. SPA, Saptamber 1977. 

Abatract t Standat ' for NO^ and SO 2 amiaaion. 


F-060 

Conaar, R. E., "THE SHELL FLUE GAS DESULFURIZAITON PROCESS t ROW DOES IT STACK UP?" 
UOP Proeaaa Divlaion, Daa Plainaa, Illinoia, Praaantation at the Conference on 
Control of Gaaeoua Sulfer Compound Emiaalon Salford, England, April 1973. 

Abatract i SHELL Proeaaa deacription. 


F-061 

Robertaon, D. J., R. H. Groth, A. G. Glaatria, "HCN CONTENT OF TURBINE ENGINE 
EXHASUT", Article in Journal of the Air Pollution Control Aaaoc .. from Pratt A 
Whitney Aircraft Group, Eaat Hartford, Connecticut, January 1979. 

AT»atract : Experimental deacription, exhaaut analyaia and reault diacuaaion (1 

page article). 


F-062 


Haebig, J. E., B. E. Davia, E. R. Dxuma, "PRELIMINARY SMALL-SCALE COMBUSTION TESTS 
OF COAL LIQUIDS", Gulf Reaearch A Development Coiapany, Pittaburgh, PA, Article in 
Environmental Science A Technology . No. 3, March 1976. 

Abatract t Nonupgraded coal liquida contain high concentrationa of nitrogen and 
aromatica; the tendency for auch fuela to emit exceaaive aiaounta of NO and aiaoke 
waa examined in burning teata in a modified 1-g^ boiler equipped wfth an air- 
atomiaing noeale. Full-boiling range and diatillate coal liquida were teated, and 
conventional nitrogen-doped petroleum fuel oila were uaed for compariaon. At SOI 
exceaa air, the fraction of the fuel-bound nitrogen converted to NO waa 80Z, but 
the converaion decreaaed to 35Z at 25Z exceaa air. Petroleum <?^la exhibited 
aimilar b^avior. Smoke levela from the full-range and diatillate coal liquida 
were aimilar to thoae from petroeluet No. 4 and No. 2 fuel oila, reapectively. The 
uae of a aet of modified burnera ahtwed that incraaaing the air-fuel mixing rate 
decreaaed the aaK>ke emiaiaona, but increaaed the converaion of fuel-bount nitro- 
gen. 


F-063 

Borguaalt, R. H. "EPA/RTP PILOT STUDIES REUTED TO UNSATURATED OPERATION OF LIME 
AND LIMESTONE SCRUBBERS" in Combuation . by EPA, October 1975. 

Abatract t An oddity of lime and limeatone SO, acrubbera ia the obaervation that 
they can run unaaturated during cloaed loop op»ation. Experimental atudiaa of the 
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process conditions necesssry to schieve unsstursted scrubbing liquor ere reported, 
end a meehanisn is proposed that accounts for it. 


F-064 

TaiMfci, A., "THE THOROUGHBRED 101 DESULFURIZATION PROCESS", Chyoda Chemical Engin- 
eering & Construction Co., Ltd., Japan, Article in Chemical Enaineerina Froaress . 
May 1975. 

Abstract I A dilute sulfuric acid-gypsum process is used to desulfurise flue gas 
for large utility boilers | removal of sulfur dioxide, as mall as pantieulates, is 
achieved. 


F-06S 

Albrecht, P. F., J. a. Lieberman, "RELIABILITY OF FLUE GAS DESULFURIZATION 
SYSTEMS", General Electric Company, Article in Combustion . October, 1975. 

Abstract ; Survey of full-scale desulfurisation systems for power plants indicates 
they have potential for reliable operation but that their average availability has 
been very poor to date. In spite of this, utility conmitments for additional 
desulfurizing capacity show an annual compound growth rate of 93X for the years 
1971 through 1977. 


F-066 


Ruggeri, S., "STACK SCRUBBING - THE "CON" VIEWPOINT, American Electric Power 
Service Corporation, Article in Combustion . October 1975. 


Abstract ; This paper consists of two parts. The first deals with resMval of 
sulfur from coal in preference to removal of sulfur dioxide from stack gases. The 
second deals with the question of whether constant emission controls are necessary. 

F-067 


McGlamery, G. G. et al, "DETAILED COST ESTIMATES FOR ADVANCED EFFLUENT DESULFURI- 
ZATION PROCESSES", Tennessee Valey Authority, Article in Combustion . October 1975. 

Abstract ; A detailed, segmented, highly visible cost comparison of the five leading 
stack gas desulfurisation processes was conducted. Using data available in late 
1973, complete economic evaluations were prepared for scrubbing - regeneration to 
sulfuric acid, sodium solution scrubbing - SO. reduction to sulfur, and catalytic 
oxidation (Cat-Ox). 


F-068 

Murphy, S. M., H. S. Rosenberg, R. B. Engdahl, "STATUS AND PROBLEMS OF REGENERABLE 
FLUE GAS DESULFURIZATION", Baltelle, Columbus Ub., Article in Journal of the Air 
Pollution Control Assoc .. September 1976. 
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Abstract I This papar diacttsaas briaflyi (1) tha announead status of the mmy 
rofanarabla F6D proeossasi (2) tha problaa of raduetant gas supplpt O) 
affect 00 FGD procaaaaa of uaiag coal baaad raducing gas iosca^ of raforsMd 
natural gas. 


r-069 

Zaharchuk, R., L. K. Ugatski, "80. 8CR0BBBR PA88B8 TEST AT PIRB8T0HB", Firaatona 
Tire and Rubber Coapanyf FMC Corporatioof Article in Follutioo Bnainaarinn . April 
1977. 

Abstract t 8ince January 1975 t a pilot plant for tha raaoval of 80, and flyash has 
boao in operation at Firestone Tire A Rubber Conpaiqr's Pottstoun* Fa facility. Tha 
plant is producing 90 porcant 80. raaoval afficiancies with a systosi availability 
of 9A percent and a flue gas capacity of 14,000 cfn. 


F-070 

B84T Report, "8O2 8CRUBB1MG CLEARING THE AIR", Environoental Bcienee 4 Techno loev . 
Jenuary 1978. 

Abstract! A Florida synposium covered nusMrous FGD technologies. But future 
eaphasis aky be on recoverable sMterials and salable by-products, as well as air 
cleanup. 


F-071 

Rochelle, G. T., C. J. Ring, "ALTERNATIVES FOR STACK GAS DESULFURIZATION BY THROW- 
AWAY SCRUBBING", University of California, Berkeley, Report in CEP . February 1978. 

Abstract ! Several pronising alternatives in throwaway scrubbing have yet to be 
adequately explored. 


F-072 

Raymond, W. J., A. G. Sliger, "THE KELLOGG/WEIR SCRUBBING 8YSTEH*', Pullmann 
Kellogg, CEP . February 1978. 

Abstract ! When coal containing naarly 5Z suflur is being used, tiiis eystm can 
remove more than 92X of the SOj in the entering flue gas. 


F-072 

Slack, A. V., "UHB-UMESTONE SCRUBBING! DESIGN CONSIDERATIONS", 8AS Corporation, 
Sheffield, Alabema, CKP , February 1978. 

Abstract ! Although removing 80, via lime or limestone scrubbing is a relatively 
simple process, there are a number of factors that prasent problams including 
scaling prevention, absorbent feed control, and mist eliminator efficiancy. 


A-71 


r-074 


Tol«nira, H., T. Kanai, H. Yanagieka, "JBT MIBBLXIIG rLDB 0A8 DDSDLmXSATXOII*', 
Ctiyjoda Chanieal Bng. i Canatruetlon Co., Tokekaaat Japast CTY t Fabruarp 1976. 

Abatract t Aaong tha faacuraa of thia fO, raanval ayataa ara low invoatawnt and 
oparating eoata* and aaayi atabla oparaeim without acaling. 


Sahioreai, J. G., D. A. Stawart, "THE THX080RBXC FLUB CAS DB8ULFURXZATX0H PB0CB88”, 
Dr VO Corporation! Fittaburghi FA| CEP . Fabruary 1976. 

Abatract t Thioaorbie aerubbing liquor ia capabla of carrying 10 to 15 tiwaa aa 
■uch diaaolvad alkalinity in aolution aa eonvantional ealeiuai-baaad proeaaa 
liquora . 


F-076 

GriHi, Abraw, Uftaann, Raban, LaManitia* "IllE C0L8TRXP FLUB GAS CLEANING 
SYSTBlf ! Tha Montana Powar Company, Bachtal Powar Corporation, Conbuation Equip- 
manta Aaaoc., Xne., Arthur D. Littla, Xnc., CEP . Pabruary 1976. 

Abatract t Two yaara of oparation hava ahown that with a particular claaa of 
waatam coal, flue gaa daaulfuriaation can bo accompliahod uaing the alkali in tha 
coal'a fly aah. 


F-077 

Prineiotta, P. T., ^'ADVANCED XN 80 STAGE GAS SCRUBBING", BPA, Waahington, D.C., 
CEP . Pabruary, 1978. 

Abatract t Of tha amarging tachnologiaa, atmoapheric fludiaad-bad combuation 
appaara tha moat attractivo bacauaa of ita ralativoly aimpla concapt and ita low 
operating coata. 


F-07S 

Negonnall, W. H., "EFFICIENCY AND RELIABILITY OF SULFUR DIOXIDE SCRUBBERS", 
National Aaaoc. of Electric Companiaa, Journal of tha Air Pollution Control Aaaoc .. 
July 1978. 

Abatract t Thia paper la concarnad with the companiaa which have already made firm 
acrubbar coaaaitmanta and algnificant invaatmanta ia thia particular control tech- 
nology. 


F-079 

Chemical Baginaaring Nawa, "DRY SCRUBBING LOONS LARGE IN 80^ CLEANUP PLANS", 
Chemical toainaarina . Auguat 1979. 
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Tht UCttt standardt on 80, tadaaiona frea naw eoal-firad utitieiM 
favor cha uaa of dry aerubbioti idiichi faceording to ita aupportara, boaata loaar 
invaataant and oparatint eoata and avolda alttdta-diapoaal problaaa. 


F-oao 

Gatinani, M. R., P. 6. Naruin, "8ULPW 0KXDI8 RINOVAL BY NIT 8CR0BBXII6 APPUCATION 
TO UTILITY B0XUR8'*, Abacraetad froai a praaantation at Prontiara of Powar Tach- 
nolo^ confaranca Bcillaatar OklahoMf Octobar 197Sf Coaibuattoo * 

Abatract i Thia papar eontinuaa OB 'a policy of opan diaeuaaion. In additiooi 
advaneaa In aat-aerubbar caehooloBy and tha verification of theory by axparlanca 
enable ua to praaant a ayaten daalgn with availability and raliability aa ita ain. 


P-081 

Oxley, J. H., D. R. laraal, "8TATU8 OP 8CRUBBER8 OR OOAL-PXRED POHBR PLAHTS, 
Battalia Laboratoriaa, U.8. DOD, Journal of the Air Pollation Control Aaaoc «. 
January 1979. 

Abatract t Battalia uaa aaked to parfora field aaaaaaamta during tha laat two 
waaka of 1977 of five acrubbar oparationa which ware believed to typify tha beat 
available technology in tha U.8* 


P-082 

Raiaingar, A. A., D. C. Gehri, "TH0-8TACB, DRY PCD ARO PARTXCOUTB REMOVAL !JY8TBM*', 
Whaelabrator-Prye Xnc., Rockwell International, Journal of tha Air Pollution 
control Aaaoe., April 1979. 

Abatract t Tao proven technologiaa have bean coabined in the devalopa en t of a 
ayatea for tha reaoval of 80, froa tha floe g**** foaail fired boilara. Tha 
aajor coaponanta of thia ayafaa era a apray dryer contractor and e fabric filter 
particulate eollactor. Tha apray dryer providaa tha aeana of priaary 80, reaoval. 
The fabric filter collaeta fly aah and dry producta of reaoval, aM it elkc 
providaa aacondery SOj reaoval. 


P-083 

Jonaa, D. G., 0. V. Hargrove, T. M. Moraaky, **UMB/UMB8T0HB SCRUBBER OPBRATXOH AHD 
COHTROL'* Ardian Corporation and EPRX, Journal of tha Air Pollution Control Aaaoe ., 
Octobar 1979. 

Abatract t Thia paper axaainea operating and control axparlanca obtained at full- 
aeala lisa- liaMo tone aeruMar ayataM both in tha aaatam and waatam United 
Stataa. 
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Devitt, T. W., C. J, Catlynne, "ESTIH4TIH6 COSTS OF FLUE GAS DESULFURIZATION 
SYSTEMS FOR UTILITY BOIIERS", PEDCo - Environmental Specialists Inc.» and EPA» 
Journal of the Air Pollution Control Assoc .. March 1976. 

Abstract: Thi^ paper presents an overview of the status and costs of flue gas 
desulfurisation (F6D) systems, and the factors relating to the variability in 
costs. It is based in part upon work performed in developing detailed FGD cost 
estimating isanuals for ^A. 


F-085 Microfiche 

Jumpei, Ando et al, “SO, ABATEMENT FOR STATIONARY SOURCES IN JAPAN", "NO ABATEMENT 
FOR STATIONARY SOURCES IN JAPAN", PEDCo - Environsiental Specialists, Inc., 
Cincinnati, Ohio, January 1976, NITS: EPA/6002-76/013A and -/013B. 

^^£trac^: Japanese NO and NO /SO, abatement suastarised in two separate reports. 
Control technology and economics. 


F-086 

Turner, D. W., R. L, Andrews, C. W. Siegmund, "INFLUENCE OP COMBUSTION MODIFICATION 
AND FUEL NITftOGEN CONTENT IN NITROGEN OXIDK EMISSION FROM FUEL OIL COMBUSTION", 
Esso Research and Engineering Company, Presentation of AIChE, Combustion . August 

Abstract: Esso Research has carried out a study to determine the extent of fuel 
nitrogen conversion and the degree of control possible with combustion modifica- 
tion. 


F-087 

Siegmund, C. H., D. W. turner, "NO DfISSIONS FROM INDUSTRIAL BOILERS: POTENTIAL 

CONTROL METH(H)S", Presentation at *he ASME Industrial Power Conf., May 1973, Co- 
sJ>u8tion . October 1973. 

Abstract; Low excess air and flue gas recycle can control NO from thermal 
fixation. Two stage combustion controls both thermal and fuel NO f 

X 

F-088 

PAT-Report, "A WAY TO LOWER NO IN UTILITY BOILERS", in Environmental Science & 
Technology, March 1977. 

Abstract: The Exxon thermal deNO process reduced emissions 50Z and worked at full 
load on a refinery in Japan. 
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P-089 


Ootti*a, E., N. Nidcai et al, "A MEH CATALmC REACTOR FOR H1TR06EH OXIDES REHOVAL" 
froB Hitadil and Babeoke - Hitadii, Japan, Journal of tha Ait Pollution Control 
Amo., October 1979. 

Abstract : The inforuation presented in this paper is concerned with catalytic MO^ 
reaoval reactor for a dirty (containing dust) flue gas. 


P-090 

Hatsuda, S., T. Marta, et al, "SELECTIVE REDUCTION OP MITROf^ OXIDES IN OONBUSTION 
FLUE GASES", froa Hitachi and Babcock - Hitachi, Journal of the Air Pollution 
Control Asso .. January 1979. 

Abstract : The inforuation presented in this paper is concerned with the reaoval of 
MO in coubustion flue gases. A catalytic process for the selective reduction of 
nitrogen oxides by awmia has been investigated. Efforts were aade toward the 
developuent of catalysts resistant to SO^ poisoning. 

F-091 

Bunker, H. H., "GAS TURBINE CATALYTIC COMBUSTCAS FOR COAL DERIVED FUELS", Oepart- 
uent of Energy, Washington, D.C., Sec. Rept. No. COMF-781109— (LOV. 1), September 
1979. 

Abstract : On-going prograuB for the coari>ustion of low Btu gas, nediun Btu gas, and 
heavy liquids are described. Future plans for possible field tests are discussed. 


F-092 

Clark, J. S., C. E. Lowell, R. H. Miedswiecki, J. J. Mainiger, "GAS-TURBINE 
CRITICAL RESEARCH AND ADVANCED TECHNOLOGY SUPPORT PROJECT", NASA-TM— 79139, June 
1979. 

Abstract : The technical progress made duriitg the first IS months of a planed 40- 
month project to provide a critical-technology data base for utility gas-turbine 
systems capable of burning coal-derived fuels is reported. 



F-093 


Rubleyu, J. F., S. Hersh, "EFFECT OF SMOKE AND CORROSION SUPPRESSANT ADDITIVES ON 
PARTICULATE AND GASIOUS EMISSIONS FROM A UTILITY GAS TURBINE", KVB, Inc., Scars- 
dale. Mew York, Report No. EPRI-EP— 398, March 1977. 


Abstract: Metallic based fuel additives are widely used for the suppression of 


visible eidtaust smoke and inhibition of hot section corrosion in electric utility 
gas turbines. 
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P-094 

Sin, C. T., "HIGH IBMPBRAmB GAS TORBINE BHGIME OOMFOlfBIlT MATERIALS TBSTIHG 
PROGRAM", General Electric Col, Schenecta^, M.Y., Report Ho. FP--1765-42, 
February 1978. Abetrect t. Results fron the conpleted initial coal-derived liquid 
fuel tests ere presented, and continue to be analysed. 


F-095 

Carlson, N. G., "DEVELOPMENT OP HIGH-TEMPERATDRE SUBSYSTEM TECHNOLOGY TO A TBCfflK)- 
LOGY READINESS STATE: PHASE I", United Technologies Corporation, Fensington, 
Conn., Report No. FE--2292-19, March 1977. 

Abstract: The United States Energy Research and Devel^traent Adainistration is 

I sponsoring a three phase prograa to develop and demonstrate the technology required 

for the efficient and environaentally acceptable use of coel-derived fuels in an 
industrial gas-turbine engine. The first phase of this program. Phase I, consisted 
of the program and subsystem definition. The Phase I design definition studies 
were directed primarily at achieving the critical objectives or high performance, 
durability, low risk, and acceptable emissions for the turbine and combustor sub- 
systems . 


F-096 

Blasowski, W. S., R. B. Edelman, P. T. Harsha, "FUNDAMENTAL CHARACTERIZATION OF 
ALTERNATE FUEL EFFECTS IN CONTINUOUS COMBUSTION SYSTEMS", Exxon Research and 
Engineering Co., Linden, N. J., Report Ho. SAN-15A3-12, Septend>er 11, 1978. 

Abstracts The overall objective is to assist in the development of fuel-flexible 
combustion systems for gas turbines as well as rankine and Stirling cycle engines. 
The primary emphasis of the program is on liquid hydrocarbons produced form non- 
petroleum resources. 





APPERDIX B 

SUPPLBMBIITARY 8YHFUBL PBOFBRTT DATA 


The Fuel Propertiee tables contained in this appendix section 
represent analyses obtained froa the literature search. They 
do not appear in the sain report body but are appended as 
suppleaentary data. 


B-1 




COMPOSITION 

CARBON, WT % 

HYDROGEN. WTN 
OXYGEN. NT % 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. NT K 
SULFUR. MERCAPTAN, NT % 
PARAFFINS.WtZ Heptane Ins 
OLEFINS.WtZ Benzene Ins. 
NAPHTHENES. VOL % DMF/ Xylene 
AROMATICS TOTAL, VOL % • 

NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON I0%.NT% 

ON 100%. NTH 

ASH, NTH 

ASH MELT TEMPERATURE. **F 

FILTERABLE DIRT, MG/100 ML 

NATER.VOLH 

NATER & SEDIMENT, VOL H 

NAX. NT H 

NAX.MELT TEMPERATURE, **F 
VOLATILITY 

DISTILLATION TEM^.^F MAX 
INITIAL BOILING POINT 
10H EVAPORATED 
SOH EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL H 
FLASH POINT, ®F 
GRAVITY, "API 
GRAVITY, SPECIFIC, 60"f 


NOTES 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-1 


SI’C <MXW to 01 (3 801 


TEST METHOD 



FLUIDITY 

POUR POINT, ®F 
VISCOSITY, KINEMATIC. cS 
_4009 f-175* 

-♦2a»f-210* 

-«»02f-250* 

VISCOSITY, SAYBOLT UNIV., SEC 


COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.."F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
At 

Ba 

Ca 

Cd 

Cr, total 
Cu 

Fa. total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 


135 

43T53T 

16.84 



FUEL 

PROPERTIES 


FUEL TYPE Syn^hni^ f Centrif ugedl 

FROM REFERENCE ^har. of Coal Liquids 
FE-2010-9 

SHEET OF 





COMK>SITIOM 

CARSON. WT % 

HYONOGEN.MTTX 
OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. MERCATT AN. «rr % 
FARAFFINS. VOL % Heptane Ins 
OLEFINS. VOL % Benzene Ins. 
NAfMTMENES. VOL %DMF/ Xylene 
.RROMATICS TOTAL. VOL % 
NARHTNALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lOX.MTTX 
ON 100%. WT% 

ASN.WTX 

ASM MELT TEMPERATURE. *F 
FILTERABLE OIRT, MG/100 ML 
WATER. VOL % 

WATER N SEDIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. *F 
VOLATILITY 

DISTILLATION TEMP..«F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SO% EVAPORATED 
70% -OBM^VAPO RATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASHPOINT. *F 
GRAVITY. "API 
GRAVITY. SPECIFIC. B0*F 
100*F 
210"F 

NOTES 

Cl 10 ppa 


FUEL QUAUTY/PR0CESSIN6 STUDY 

RMPX)e NO. 6009^1 TABLE B-2 


TEST METHOD 




FLUIDITY 

POUR POINT. "F 
VISCOSITY. KINEMATIC. cS 
100®F 

t«“P 210* 

»F««F 250* 

VISCOSITY. SAYBOLT UNIV., SEC 

ioo“f 

122"F 

210“f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 

Ba 

Ca 

Cd 

Cr. total 
Cu 

Fa. total 

Ho 

K 

Mg 


TEST METHOD 


— 


18.73 





FUEL 

PROPERTIES 


FUEL TYPE Synthoil Washed Filtrate 

FROM REFERENCE Character is tic a of 
Coal Liquids FE-2010-9 

SHEET OF 





OOMKMITIOM 

CAMON.WT % 

HYOROGEN, WT % 

OXYGEN, WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN. WT % 

PARAFFINS. VOL « Heptane Ins 
OLEFINS. VOL « Benzene In; 
NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CON. CARBON RESIDUE ON 10%. WT% 
0N100%,«O% 

ASH.WT% 

ASH MELT TEMPERATURE, *F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER A SEDIMENT. VOL % 
WAX.Mrr% 

WAX, MELT TEMPERATURE. *F 
VOLATIUTY 

DISTILLATION TEMP„*F MAX . 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
80\ JB% EVAPORATED 

FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT. *F 
GRAVITY. *AP1 
GRAVITY. SPECIFIC. 00*F 
100*F 

?io“f 

NOTES 




FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC. cS 
100*F 
122"F 
2I0*F 

VISCOSITY. SAYBOLT UNIV., SEC 
100®F 
122*F 
210®F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP., ®F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

O, toul 
Cu 

Fa, total 
Mo 
K 
Mg 


TEST METHOD 





FUEL QUAUTY/PR0CESSIN6 STUDY 

BMP JOB NO. 6009-1 TABLE B-3 


FUEL 

PROPERTIES 


KreTtiiT^I 


FUEL TYPE 
FROM REFERENCE Char, of Coal Liquids 


FE-2010-9 


SHEET. 







COMPOSITION 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SOLFUR TOTAL. WT% 

SULFUR. MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%. WT% 

ASH.Rrr % 

ASH MELT TEMPERATURE. "F 
FILTERABLE OIRT, MG/IOO ML 
WATER. VOL % 

WATER ft SEDIMENT. VOL % 

WAX. wr % 

WAX. MELT TEMPERATURE. **F 
VOLATILITY 

DISTILLATION TEMP..*F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
>0% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, "f 
GRAVITY, “API 
GRAVITY. SPECIFIC. 80“F 
ioo"f 
210“F 

NOTES 


FUEL OUALITY/PROCESSING STUDY 

RMPX>B NO. 600»1 


TEST METHOD 



461 

ASTM D-1160 

565 


701 


863 


950 






9.5 


1 -0035 







FLUIDITY 

POUR POINT. “F 
VISCOSITY, KINEMATIC. eS 

ioo“f 

122"f 

2in*F 

VISCOSITY. SAYBOLT UNIV., SEC 


COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB . BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
A1 
As 
B« 

Ca 

Cd 

Cr. total 
Cu 

Fa. total 
Hg 
K 
Mg 



TABLE B-4 


FUEL 

PROPERTIES 


S^C «009 € O 01 f 3/801 



FUEL TYPE Svnthoil Distxllat< 

FROM REFERENCE Char, of Coal Liquids 
FE-2010-9 



COMPOSITION 

CARBON. WT % 

hydrogen. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. Prr% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL X 
OLEFINS. VOL % 

NAPHTHENES. VOL% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lOS.WTX 
ON 100%. WT% 

ASH.WTX 

ASH MELT TEMPERATURE.**F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL % 

WA T W B 6 EDIMENT.M««r»- mg/1 
WAX. WT % 

WAX. MELT TEMPERATURE. **F 


TEST METHOD 










0. 1 
















2.52 












31.6 







VOLATILITY 


DISTILLATION TEMP..°F MAX 


INITIAL BOILING POINT 

A ]A 


10% EVAPORATED 

472 


S0% EVAPORATED 

S14 


90% EVAPORATED 

S92 


FINAL BOILING POINT 

670 


RESIDUE. VOL % 



FLASH POINT, ®F 

23S 

A-STM n-S6 F031 

GRAVITY, "API 

13.6 

Dieital Density 

GRAVITY, SPECIFIC. GO"f 


Meter 

ioo“f 



210“f 




NOTES ND ■ Not detected of detection limit shown 
1) values are composite values from the 400-650 F and 
650° analysis 


FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC. cS 
■»«B“f 4ior:. 

122“f 

210"f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo"f 

122*F 

210“f 

COMBUSTION 

MEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

jftot. breakpoint temp.,"f 

TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cl. total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Nl 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 
I I ASTM D-97 


HUTSi 







18039 

ASTM D-2382 




i T 


6.3 

Emission Si>ectro8coDv.j 

.009 




1.2 





r\ r\ 



n. 

■0 c> 



-3 

» p 

.3 

g ? 


c 


Pm 

1 1 

•im 

- i 


-1 




5- 


ND171 


-7 





FUEL 0UALITY/PROCESSIN6 STUDY 

RMP JOFi NO. 6009 1 TABLE B-5 


FUEL 

PROPERTIES 


FUEL TYPP Syncrude Fraction 400 
FROM REFERENCE A-036 H-Coa 1 


6009 lO 01 


1 


0 


SHEET OF 








H-COAL PROCESS SYNCRUDES 


O 


From Illinois, No. 6, by Mobil Res. end Dev. Corp 
General Conclusion: see page 8, "Conclusion" 

Identification: see Table B-7 




Litarature Cif d 

(1) A Hood and M. J. O'Naal, paper presented at Joint Conference 
on Mass Spectrometry , London, September 1958. 

(2) C. J. Robinson and G. L. Cook, Anal. Chen. 41, 1546 (1969). 

(3) F. P. Richter, P. D. Caesar, S. L. Meisel, and R. D. 
Offenhauer, Ind. Eng. Chen. £4, 2601 (1952) . 

(4) R. B. Callcn, J. G. Bendoraitis, C. A. Simpson, and S. E. 
Voltz, Ind. Eng. Chen., Prod. Res. Dev. 15, 222-233 (lo'6) . 


-J ^ 
UJ 


Conclusions 

H-Coal naphtha is high in oxygen and basic nitrogen, 
due to the presence of phenols, anilines and pyridines. Neither 
the naphtha nor the fuel oil meets existing gasoline or distillate 
fuel oil specifications, due in part to relatively high levels 
of sulfur, nitrogen, and oxygei\. Sulfur and nitrogen also 
interfere with standard refining processes that are used to make 
gasoliXiS, such as reforming, and would need to be removed by, for 
example, hydrotreatnent . The naphtha contains predominantly 
cyclic compounds and, upon refining, should yield high octane 
gasoline \nd hydrogen, primarily due to dehydrogenation of 
naphthenes. 






ORIGINAL PAGE IS 
OF POOR QUALITY 


o 


Identificat'i 

on and Source of H-Coal Liauida 

product Stream 

Atmospheric Still Atmospheric Still 

Overhead Bottoms 

Source 

HRI PDU in Trenton, N. J. 

Operating Mode 

Syncrude 

Run Number 

PDU Run 5, 130-82-29A 

HRI Sample No. 

30 Gallon 
1 

LO-916 LO-917 

LO-918 LO-919 



-I Z 

111 o 

3 CC 



Quantity, Gallon 

Metal Drum 
Glass Bottle 

Coal Source 

Mobil S^Lmple No. 

30 Gallon 
1 


30 30 

1 1 

Illinois No. 6, Burning Star Mine 


77D-3735 77D-3734 

77-94341 77-94342 


LU 

D 

u. 


CO 

LU 


CC 

LU 

Q. 

O 

CC 

CL 


c/3 

cs 

C/3 

UJ 

U »- 




t O 
Zi Z 

3 flD 
o O 


a. 

Z 


E 








COMPOSITION 

CARSON. WT % 

HYDROGEN. SrT% 

OXYGEN. «rr% 

NITROGEN TOTAL. WT« 

SULFUR TOTAL. WTK 
SULFUR. MERCAPTAN. ITT % 
PARAFFINS. VOL% 

OLEFINS. VOL% 

NAPHTHENES. VOLK 
.'.ROMATICS TOTAL. VOL K 
NAPHTHALENES. VOLK 
POLYNUCLEAR AROMATICS. VOL K 
CARSON RESIDUE ON lOK.WTK 
ON 100K.WTK 

ASH. WTK 

ASH MELT TEMPERATURE. *F 
FILTERABLE OIRT,HG/100 ML 
WATER. VOLK 
WATER S SEDIMENT. VOL K 
WAX. WTK 

WAX, MELT TESWERATURE. *F 
VOLATIUTV 

DISTILLATION TEMP..*F MAX 
INITIAL SOILING POINT 
ISK EVAPORATED 
SOK EVAPORATED 
90K EVAPORATED 
FINAL BOILING POINT 
RESIOUE.VOLK 
FLASH POINT, *F 
GRAVITY, *API 
GRAVITY. SPECIFIC. SS*F 
100*F 
TIS^F 


TEST METHOD 




FLUIDITY 

POUR POINT. ®F 
VISCOSITY, KINEMATIC, cS 
■100!S 40*C 
100*C 

2I0"f 

VISCOSITY. SAYBOLT UNIV., SEC 
100®F 
122®F 
210®F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS MEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.,®F 
TOR AP 

TRACE Mr ANALYSIS. PPM 
Al 
As 

B< 

Ca 

Cd 

Cr. total 
Cu 

Fa. total 
Hq 
K 
Mb 


TEST METHOD 




1) Aroaaticity % 

2) ASTM procedure Modified by decreasing rate to previ 
foaalng, 3)729*P at 84%-saaple cracked I 



FUEL QUAUn/PROCESSING STUDY 


RMP X» NO. 6009-1 


TABLE B-8 


FUEL 

PROPERTIES 


FUEL TYPE Shale Oil fParahol Wo. 
FROM REFERENCE 80-OT-67 

SHEET OF. 





COMPOSITION TE 

CARBON. WT % I m q 

HYDROGEN. WT% i i f, 

OXYGEN. WTX T n 

NITROGEN TOTAL. WT% \ 

SULFUR TOTAL. WT% ? 

SULFUR. ME RCAPTAN.WT% 

PARAFFINS. V3LN- lfT.\ m ^ 

OLEFINS. VOL VWT.\ a Q 

NAPHTHENES. VOL-»irr,\ a 

AROMATICS TOTAL.-VOi-% NT. \ i;? n 

NAPHTHALENES.V0L4LNT.% 

POLYNUCLEAR AROMATICS. VOL % 

CARBON RESIDUE ON 10%. WT% ^ 

ON100%.WT% 

ASH.WT% ^10. -.Asnt. 

ASH MELT TEMPERATURE. *F 

FILTERABLE DIRT, MG/100 ML 

WATER. votiT»rr.% .5 

WATER rSEOIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. *F 

VOLATILITY 

DISTILLATION TEMP.. *F MAX 

INITIAL BOILING POINT 9« ASTM 

10% EVAPORATED ir2 

50% EVAPORATED \77 

90% EVAPORATED ^no 

FINAL BOILING POINT 

RESIDUE. VOL % 

FLASH POINT. V _g 

GRAVITY. "API Xi; 

GRAVITY. SPECIFIC. «0"F 

ioo"f 

210"F 

NOTES 

det.v detected 

ND* Not detected at detection liwlt shown 


FUEL QUALITY/PR0CESSIN6 STUDY 

RMPJOBNO.600»1 TABLE B-9 


^•*0 boo*) I o o« 13 aoi 


TEST METHOD 


FLUIDITY 

POUR POINT, "f 
VISCOSITY. KINEMATIC. cS 
40*C 

122"F 

210"f 

VISCOSITY. SAYBOLT UNIV.. SEC 
100®F 

122"f 

210*F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.."f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

O. total 
Cu 

Fa. total 
Hg 
K 
Mg 


TEST METHOD 





FUEL 

PROPERTIES 


FUEL TYPE 
FROM REFERENCE A-036 H-Coal 


SHEET OF. 







wn 

e 400-650'F 


FLUIDITY 

pourpoim."f 

VISCOSITY. KINEMATIC. cS 

ioo"f 

I22*F 

210"F 

VISCOSITY, SAYBOLT UNIV.. SEC 

ioo"f 

122*F 

210"f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
B« 

Ca 

Cri 

Cr. total 
Cu 

Fa. total 

Hg 

K 

Mg 


TEST METHOD 



FUEL QUALITY/PR0CESSIN6 STUDY 

RMP JOB NO 6009 1 TABLE B-IO 


FUEL 

PROPERTIES 


FUEL TYPE Syncrude fraction 400 *: 

FROM REFERENCE ^“036 H-Coal 


SHEET OF. 









COMPOSITION 

CARBON, WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL, VYTS 
SULFUR, MERCAPTAN, WT % 
PARAFFINS, VOL S 
OLEFINS, VOL % 

NAPHTHENES, VOL % 

AROMATICS TOTAL, VOL % 
NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS, VOL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%, WT% 

ASH,WT% 

ASH MELT TEMPERATURE, °F 
FILTERABLE OIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX, MELT TEMPERATURE, °F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SO%EVAPDRATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, "f 
GRAVITY, “API 
GRAVITY, SPECIFIC, 60°F 


TEST METHOD 



NOTES 


A(;in 

ASTM D-2887 


If 

SOQ 

II 

■^83 

II 



II 



72S 


IS.1 









ND= Not detected at detection limit shovm 


FLUIOITY 

POUR POINT, “F 
VISCOSITY, KINEMATIC, cS 
400?^ 40"C 
lOO’C 

210“F 

VISCOSITY. SAYBOLT UNIV., SEC 

ioo“f 

122°F 

210“F 

COMBUSTION 

•NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TDR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOO 




FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-1 1 


FUEL 

PROPERTIES 


FUEL TYPE Distillate A00-.6Sa.*J 

FROM REFERENCE A-036 H-Coal 

SHEET 


SPC 6009 tD 01 (3'BO) 





B-13 


A 


COMPOSITION 



TEST METHOD 

FLUIDITY 

CARBON. WT % 

89.2 1 


POUR POINT,“f 

HYDROGEN, WT% 

8.0 


VISCOSITY, KINEMATIC, cS 

OXYGEN. WT% 



4flO-“T 40»C 

NITROGEN TOTAL. WT% 

1 .3 


100“C 

SULFUR TOTAL, WT% 

.2 


210“f 

SULFUR, MERCAPTAN, WT % 



VISCOSITY, SAYBOLT UNIV., SEC 

PARAFFINS, VOL % 



ioo“f 

OLEFINS. VOL % 

1 


122“f 

NAPHTHENES. VOL % 



210“F 

AROMATICS TOTAL. VOL % 



COMBUSTION 

•NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

NAPHTHALENES, VOL % 



POLYNUCLEAR AROMATICS. VOL % 

i 


CARBON RESIDUE ON lOS.WTS 



ON 100%. WT% 

1 


THERMAL STABILITY 

ASH,WT% 



JFTOT, BREAKPOINT TEMP.,“f 

ASH MELT TEMPERATURE. ®F 



TOR AP 

FILTERABLE DIRT.MG/lOO ML 



TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 

WATER, VOL % 



WATER & SEDIMENT, VOL S 



WAX.WTS 



WAX. MELT TEMPERATURE, ®F 



VOLATILITY 

DISTILLATION TEMP.,®F MAX 




INITIAL BOILING POINT 

604. 

ASTM D-2887 

Cu 

10% EVAPORATED 

634. 


Fe, total 

50% EVAPORATED 

681. 


Hg 

90% EVAPORATED 

746, 


K 

FINAL BOILING POINT 

883. 


Mg 

RESIDUE, VOL % 



Mn 

FLASH POINT, ®F 



Mo 

GRAVITY, “API 

1.3 


Na 

GRAVITY, SPECIFIC, 60“F 



Ni 

ioo“f 



Pb 

210“F 



Se 

a 

T. 

V 

NOTES 

ND“Not detected at detection limit 

shovm 




J 

Zn 


TEST METHOD 

r sir I 


121-7 


6.368 





17420 





49 


-04 


__D 


1 1 - 

32 



n 


n 

— 

1 IS 


MnFn 


3. 


3. 


n 




Q 


-T 


9 




50 . 


ND(2) 


.2 





FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE B- 12 


FUEL 

PROPERTIES 


FUEL TYPE Raaidue 65Q°F+ 

FROM REFERENCE A-036 H-Coal 

SHEET OF 


S^C 6009 FO 01 13 80> 



X 



COMPOSITION 

CARBON. WT % 

HYDROGEN. WT % 

OXYGEN. WTX 
NITROGEN TOTAL. WT% 

SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS, VOL % 

NAPHTHENES. V0L% 

AROMATICS TOTAL, VOL % (1) 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS, VOL S 
CARBON RESIDUE ON 10%.WT% 
CON. CARBON ON100%.WT% 
ASH.WTS 

ASH MELT TEMPERATURE, “F 
FILTERABLE DIRT, MG>100 ML 
WATER, VOL % 

WATER & SEDIMENT. VOL S 
WAX. WT % 

WAX, MELT TEMPERATURE.°F 

" VOLATILITY 

DISTILLATION TEMP., “f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SOS EVAPORATED 
90% EVAPORATED 
FINAL BOILING POl.VT 
RESIDUE. VOL % 

FLASH POINT, ®F 
GRAVIT '."API 
GRAVITY. SPECIFIC. S0®F 


TEST METHOD 




NOTES 


1) Aromaticity Z C^ (Carbon NMR used) 


FUEL QUALITY/PROCESSING STUDY 


FLUIDITY 

POUR P0INT,“f 
VISCOSITY. KINEMATIC, tS 
-wo-“f 40 “C 

ioo»C 

210“F 

VISCOSITY, SAYBOLT UNIV., SEC 
100°F 
122°F 
210°F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEM^.^F 
TOR AF 

TRACE METAi. ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 

1 Co. ^ 

Fe, total 

Ho 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

S 

Ti 


TEST METHOD 





RMP JOB NO. 600& 1 


TABLE B-13 


FUEL 

PROPERTIES 


FUEL TYPE noaflhoH Shale Oi 1 , > 

FROM REFERENCE ASME 80-CT-67 


C 6009 ED 01 


3 80) 


SHEET OF 






COMPOSITION 

CARBON, WT % (ZUZIZZIIII 

HYDROGEN, Vrr% 7 

OXYGEN, WT% — 

NITROGEN TOTAL, WT% 1.6 3 

SULFUR TOTAL. VYT% Q.12 

SULFUR. ME RCAPTAN.WTS 

PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICSTOTAL,VOL%(i) 5.Q 

NAPHTHALENES. VOL % 

POLYNUCLEAR AROMATICS, VOL % 

CARBON RESIDUE ON IDS, WT% 

CON, CARBON ON 100%,WT% 0.70 

ASH.WTS n 01 

ASH MELT TEMPERATURE, “f 

FILTERABLE DIRT. MG/100 ML 

WATER, VOL % 

WATERS SEDIMENT, VOL % 

WAX, WT % 

WAX, MELT TEMPERATURE, “F 

os 

^ VOLATILITY 

DISTILLATION TEMP., “f MAX 

INITIAL BOILING POINT 165 1 

10% EVAPORATED A54 

50% EVAPORATED 789 

90% EVAPORATED 995 

FINAL BOILING POINT 1097 _ 

RESIDUE, VOL% 

FLASH POINT, “f 198 

GRAVITY, “API 22.1 

GRAVITY, SPECIFIC, 60“F 
ioo“f 
210“F 

NOTES 

1) Aromaticity % (Carbon NMR used) 


TEST METHOD 


165 

Analyzed bv Union 0: 

454 


789 


995 


1097 




198 


22.1 









FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, cS 
iOO-“s 4o»c 
100“C 

210“F 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210 “f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 

Co. 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B- 14 

SPC 6009 €0 01 ( j HOJ 


FUEL 

PROPERTIES 


FUEL TYPE Desul 
FROM REFERENCE 


Ifurized Shale Oil. No.l' 
c ASME 80-GT-67 


SHEET. 





O' 


COMPOSITION 

CARBON, WT % 

HYDROGEN, WT% 

OXYGEN, WTX 
.iTROGEN TOTAL, WT% 
SULFUR TOTAL, WT% 
SULFUR, MERCAPTAN, WT% 
PARAFFINS, VOL % 

OLEFINS, VOL % 
NAPHTHENES, VOL % 
AROMATICS TOTAL, VOL % 


WAX, MELT TEMPERATURE. “F 


VOLATILITY 

DISTILLATION TEMP..“f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT. °F 
GRAVITY, “API 
GRAVITY, SPECIFIC, 60“F 

ioo“f 

210"F 

NOTES 


1) Aromaticity % 


NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%,WT% 
CON. CARBON ON100%.WT% 
ASH,WT% 

ASH MELT TEMPERATURE, “f 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX, WT % 


TEST METHOD j 



R.ftT 


A F.S 


0.91 


0.21 










AT 








n 1 -J 


<0.01 















779/210 

0-2887 n-86 



Atq/AAA 


514/509 






1A9 


5 









FLUIDITY 

POUR POINT, “f 
VISCOSTY, KINEMATIC, cS 
40®c 
lOO’C 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 


TEST METHOD 


ioo“f 


210“f 


COMBUSTION 


NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 


THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“| 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 

Ca 

Cd 

Cr. total 
Cu 

Fa, total 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


:-65 




1 OB 







17102 





.2.L. 






■Q.29- 


<n.ni 


<Q.l 


Q.12 


-o-S 









FUEL OUALITY/PnOCESSING STUDY 

RMP JOB NO. 6009 1 TABLE B- 15 


FUEL 

PROPERTIES 


FUEL TYPE SRC-II Medium Dist.. No, 8 


FROM REFERENCE 80-GT-67 


SHEET. 


OF. 


SPC 600S FO 01 *3 HOI 


J 











COMPOSITION 

CARBON. wrr \ 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. ME RCAPTAN,WT% 
PARAFFINS. VOL % 

CIEFINS. VOL% 

NAPHTHENES. VOL% 

AROMATICS TOTAL. VOL % (i) 
NAPHTHALENES. VOL% 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON I0%.WT% 
CON. CARBON ON10O%.WT% 
ASH,WT% 

ASH ME LT TEMPE R ATU RE. "F 
FILTERABLE DIRT. MG/100 ML 
WATER, VOL % 

WATER a SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. ‘’F 
VOLATILITY 

DISTILLATION TEMP., MAX 
INITIAL BOILING POINT 
10%EVAP0RATE0 
50% EVAPORATEO 
90%EVAPORATE0 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, “f 
GRAVITY. "API 
GRAVITY, SPECIFIC, 60®F 
100®F 
210"F 

NOTESijy^roMticlty % C/^ 
ND»Not deterwined 
2)750*F at 80Z 


TEST METHOD 




7.13 


7 (y 


o!98 


0.42 










77 








2.15 


0.14 















I 

n-2RR7 n-86 

'527^71_ 


AnX/AAA 


7AC;/Nn( 7' 


Qxn/Nn 






0 2 









FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC. cS 
iOO?E 40-C 
100*C 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo"f 

122"F 

2I0"f 

COMBUSTION 

NET HEAT OF COMB,, BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
rOR AP 


TEST METHOD 

I 0 ~T ^ : 


A A -54 


4.06 







- 17071 



TRACE METAL ANALYSIS, PPM 


Al 



As 



Ba 



Ca 

2S.0 


Cd 


•V. >9 

Cr. total 

— 

■5 

Cu 



Fe, total 

1S5- 

0 

50 r 

Hg 


43 -0 

K 

6-4 .0 

c. 

Mg 



Mn 



Mo 



Na 

.0 


Ni 



Pb 

0.54 


Se 

01 


Si 



Ti 

7-1 


V 

2.3 


Zn 




FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-16 

SPC 6009 C O 01 O'BOi 


FUEL 

PROPERTIES 







B-18 


COMPOSITION 

CARBON. WT % 

HYDROGEN, WT% 

OXYGEN, WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WfT% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. V0L% 

OLEFINS. VOL % 

NAPHTHENES. VOL% 

AROMATICS TOTAL. VOL % ( i) 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%,WT% 
CON. CARBON ON10OS,WT% 
ASH.WT% 

ASH MELT TEMPERATURE. "F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. “F 
VOLATILITY 

DISTILLATION TEM^.^F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SON EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH P0!»iT,“F 
GRAVITY. “API 
GRAVITY. SPECIFIi, 60 “f 

ioo"f 


NOTES 


210"F 

1) Aromaticity % 

2 ) 750’F at 36Z 


Ca 


TEST METHOD 



7 77 


1 80 


0.94 


0.35 










71 








n Rq 


0.03 















<;ny;vt 

n_7«R7 n-Rfi 



A1Q/AX7 


7A«/Np(7 


inQR/Nf) 




7P0 


o'. 9 









NA*Not Determined 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE B -i? 


FLUIDITY 

POUR POINT, “f 
VISCOSITY. KINEMATIC, cS 
H»2 f 40“C 
100“C 

210“f 

VISCOSITY, SAYUOLT UNIV., SEC 

ioo“f 

122“F 

210“F 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP., “f 


TEST METHOD 


in: 


TOR 


AP 


TRACE METAL ANALYSIS, PPM 
AI 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

S 

Ti 

V 

Zn 


30.76 


3.45 





FUEL 

PROPERTIES 



J 

1 I 








9.1 







Q Q 

fis n 

' £ 


S 5 

i-a 

0-* 

Ci 


so F 




> Q 

1/| .0 



3a 

O.l 


0 ,04 




2-7 


n.23 





FUEL TYPE SRC-II, Heavy Dist., No. 9A.2m| 


FROM REFERENCE ASME 80-GT-67 


SHEET. 


.OF. 


Bat 


SPC 6009 F o 01 O 80) 



-19 


031 


COMPOSITION 

CARBON, WT % 

HVOROGEN.WTX 
OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL% 

OLEFINS. VOl S 
NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % ( j ) 
NAPHTHALENES, VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIOUE ON lON.WTS 
CON. CARBON ON100%.WT\ 
ASH.WTX 

ASH MELT TEMPERATURE. “F 
FILTERABLE DIRT. MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 
WAX.WTX 

WAX. MELT TEMPERATURE. “F 
VOLATILITY 

DISTILLATION TEMP..®F MAX 
INITIAL BOILING POINT 
lOXEVAPORATEO 
SOS EVAPORATED 
90S EVAPORATED 
FINAL BOILING POINT 
RESIOUE, VOL S 
FLASH POINT, **F 
GRAVITY, "API 
GRAVITY, SPECIFIC, 80"F 
ioo"f 
210°F 

NOTES 

1) Aromaticity \ C^ 


TEST METHOD 




B-70 




n.9i 




















n 1 #. 


<0.01 















276/370 

D-2887 D-86 





i;An/s7« 








11-6 









FLUIDITY 

POUR POINT. "F 
VISCOSITY, KINEMATIC, cS 

iflOSs 40“C 
100*C 

210"f 

VISCOSITY. SAYBOLT UNIV., SEC 

ioo"f 

122"f 

210"F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,°F 
TDR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fe, total 

Hq 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

S 

Ti 

V 

Zn 


TEST METHOD 

I <-65 1 


1.87 


1.19 







17Q9Q 



I 








1 .6 



o o 

-n ai 


-n Q 



11 



^ "V 

1 .S 

c > 


> o 

r- m 


Iq- 



1 A 




0.12 






0.5 


0.21 





FUEL OUALITY/PROCESSIN6 STUDY 

RMP JOB NO. 6003^1 TABLE B-18 


FUEL 

PROPERTIES 


FUEL TYPE SRC-Il Blend (Medium) No. 10, 
FROM REFERENCE A SM E BD-TTT-A7 


SHEET OF 


'.•■c to 01 13 801 



COMPOSITION 

CARBON, WT % 

HYDROGEN, WT-H-- ppm 
OXYGEN, WTdk ppm 
NITROGEN TOTAL, WTN= ppm 
SULTUR TOTAL, WIN ppm 
SULFUR, MERCAPTAN. WT \ 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIOUE ON IO%,WT% 

ON 100%,WT% 

ASH.WTN 

ASH MELT TEMPERATURE. °F 
FILTERABLE OIRT, MG/100 ML 
WATER. VOL % 

WATER a SEOIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE, ®F 
VOLATILITY 

OISTILLATION TEMP..°F MAX 
INHIAL BOILING POINT 
IO%EVAPORATEO 
SOXEVAPORATEO 
MNEVAPORATEO 
FINAL BOILING POINT 
■ M SI D OE-. VOL % RECOVERY 
FLASH POINT, "f 
GRAVITY, "API 
GRAVITY. SPECIFIC, 80®F 


Chloride Nt . ppm 
Bromine Index 




4.0 

296. 


FLUIDITY 

POUR POINT, ®F 
VISCOSITY. KINEMATIC, cS 
100®F 
122®F 
210®F 

VISCOSITY. SAYBOLT UNIV., SEC 
100®F 


combustion 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..®F 
TOR AF 

TRACE METAL ANALYSIS, PPM 
A1 
As 

B« 

Ca 

Cd 

Cr. total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 





FUEL QUALITY/PROCESSING STUDY 


RMP JOB NO. 6009 1 


TABLE B-19 


FUEL 

PROPERTIES 


FUEL TYPE U pgraded NapI 
FROM REFERENCE_JU024_ 


SHEET. 





B-21 


i 


COMPOSITION 

CARBON. WT % 

HYDROGEN. VfT% 

OXYGEN. RTL% pp„ 

NITROGEN TOTAl.lNlJ>pp„ 
SULFUR TOTAL.WTifc pp„ 
SULFUR. MERCAPTAN. 

PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON IIA.WT\ 

ON im.WT% 

ASH.WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE OIRT, MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. **F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
VWOMi. VOL % recovery 
FLASH POINT. ®F 
GRAVITY. "API 
GRAVITY, SPECIFIC. 60"f 
100®F 
210"F 

NOTES ch lor ide.Wt . ppm 
Bromine Index 
N2 Jet Gum mg/ 100ml 


TEST METHOD 

8S.9 


12-8 




1930, 







SEE B-21 


SEE B-21 




MS SEE B-21 
























1.32 


189 


2A0 


35 1 


.396 


99 













23. 

19.3 

40,0 


RON, clear 80.3 


FLUIDITY 

POUR P0INT,"f 
VISCOSITY. KINEMATIC, cS 

ioo"f 

122"F 

210"f 

VISCOSITY. SAYBOLT UNIV.. SEC 

ioo"f 

122“f 

210"F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 

















•D 0 


Sz 






c 5 


m 


















FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABLE B-20 


FUEL 

PROPERTIES 


FUEL TYPE Rerun— Naphtha 

FROM REFERENCE 


SHEET. 


.OF. 


S^C 6009 feO 01 (3 BO 








TABLE B-21 - MS Analysis of H-Coal Naphtha 3531-1-2 

Hydrocarbon Types 

voi-: 

'araf f Ins 

16.2 

Naphthenes 

Honocycloparaf f Ins 

A8.1 

Bl, Dlcycloparaf fins 

7.2 

Trlcyclopa raff Ins 

0.2 

Aromatics 

Alkylbenzenes 

12.7 

Indanes/tetrallns 

5.8 

Naphthalenes 

0.1 

Polars 

Phenols 

3.1 

Pyrldlnes 

0.8 

Thloph'enes 

0.3 

Olefins* 

Monoolefins 

1.3 

Dlolej?lns or Monocycloolcf Ins 

3.7 

Trloleflns or Dlcyclomonoolef Ins 

0.5 

Total 

100.0 

Carbon No. Aromatics 

Polars 


* The Cotel olefin number wes obtained by SiO? separation, but the 
split is estimated since no calibration coefficients are available. 


B-22 



COMPOSITION 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN, WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL, WT% 

SULFUR, MERCAPTAN. WT % 
PARAFFINS. Wt X Heptane Ins 
OLEFINS. WtZ Benzene Ins 
NAPHTHENES. V0L% 

AROMATICS TOTAL, VOL % 
NAPHTHALENES. VOL% 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%. WT% 

ASH.WT% 

ASM MELT TEMPERATURE, "F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER B SEDIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. ®F 
VOLATILITY 


TEST METHOD 



DISTILLATION TEMP.,°F MAX 


INITIAL BOILING POINT 

407 

10% EVAPORATED 

515 

S0% EVAPORATED 

760 

90% EVAPORATED 

951 

FINAL BOILING POINT 

- 

RESIDUE. VOL % 

20 

FLASH POINT, "f 


GRAVITY. ®API 

-3.5 

GRAVITY. SPECIFIC, 80“F 



FLUIDITY 

POUR POINT, ®F 
VISCOSITY. KINEMATIC. cS 
100®F 
122®F 
210®F 

VISCOSITY, SAYBOLT ’JNIV.. SEC 
100®F 

2485f-210* 

_250Sp.25O* 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP.."f 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fa, total 
Hg 
K 
Mg 


TEST METHOD 




FUEL QUALin/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABLE B-22 


FUEL 

PROPERTIES 



FUEL TYPPSynthoil Filtrate 


FROM REFERENCE Characteristic of Co ni 
Lignite FE-2010-9 

SHEET OF 













COMTOSmON 

CARBON. WT % 

HYDROGEN. MrT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. «YT% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS. VOL% 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % ^ pXA) 
NAPHTHALENES. VOl % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%.WT% 

ON I00\.WT\ 

ASH.WT« 

ASH MELT TEMPERATURE. **F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER B SEDIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. ”f 
VOLATILITY 

DISTILLATION TEMP„®F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
S0% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASHPOINT. *F 
GRAVITY. "API 
GRAVITY. SPECIFIC. «|"f 
100®F 
210®F 

NOTES 

•as received 


TEST METHOD 






0,^ 


0l35 


0.1 










91 - 






0.41 




















FLUIDITY 

FOUR POINT, "f 
VISCOSITY. KINEMATIC. cS 

ioo“f 

122®F 

2I0*F 

VISCOSITY. SAYBOLTUNIV.. SEC 

ioo“f 

122®F 

210“f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..“f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr. total 
Cu 

Fa. total 

Mb 

K 

Mb 


TEST METHOD 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE B-23 


FUEL 

PROPERTIES 


FUEL TYPE H-roaT Process, 400*F-I 
FROM REFERENCE ^-026 *(A) 


SHEET OF. 






COMPOSITION 

CARBON. WT % 

HYOROCEN.WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT % 

SULFUR. ME RCAPTAN.WTX 
PARAFFINS. VOL % 

OLEFINS. VOL% 

NAPHTHENES. V0L% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL N 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIOUE ON 10\.WT% 

ON lOON.WTX 

ASH.WTN 

ASH MELT TEMPERATURE. 
filterable DIRT, MG/100 ML 
WATER. VOL % 

WATER a SEOIMENT. VOL \ 

WAX. WT % 

WAX. MELT TEMPERATURE. ”F 
VOLATILITY 

DISTILLATION TEMP..*F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
M% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIOUE. VOL % 

FLASH POINT. 'f 

grpvity."api 

GRAVITY. SPECIFIC. 8C®F 
100®F 
7I0“f 


•Renin, 94 VOL. \ Overhead 


FUEL QUALITY/PR0CESSIN6 STUDY 


TEST METHOD 





FLUIDITY 

POUR POINT. "f 
VISCOSITY. KINEMATIC. cS 

ioo"f 

172®F 

7I0"f 

VISCOSITY. SAYBOLT UNIV..SEC 


COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB . BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP..®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 

Ba 

Ca 

Cd 

Cr, total 
Cu 

Fa. total 
Hg 
K 
Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

S 

Ti 


TEST METHOD 





RMP JOB NO. 6009^1 


TABLE 3-24 


FUEL 

PROPERTIES 





FUEL TYPE — Process-, 400*J 
FROM REFERENCE 


SHEET. 







H-COAL PROCESS DERIVED LIQUIDS 




Feed for upgrading investigation to evaluate the applicability 
of commercial UOP hydrotreating and reforming process . 

Coal feed is not known. Clearness did not last. 


— Naphthas : 

The primary H-Coal naphtha was rerun in a laboratory column to 
remove col r n aterials and heavy ends generated during storage. 


Naphtha feed for Platformer was mixed and blended respectively 
with earlier derived Naphthas from H-Coal process. 

— 400®F+ Distillates 

Hydrotreatment is required prior to either hydrocracking or 
FCC to reduce excessive amounts of nitrogen and to enhance 
processability. 

Hydrotreating alone will give high yields of environmentally 
acceptable No. 2 fuel oils. 


5. CONCLUSIONS 


^ These studies show chat hydrotreating, hydrocracking, fluid catalytic 
cra._king and reforming are applicable to coal-derived distillates. In 
general the liquids will require hydrogen p re treatment before cracking or 
retonaing to reduce e.xcessive amounts of nitrogen, to enhance processability 
and to make the products more environmentally acceptable. Hydrogen is con-* ’ 
sumed to partially saturate polynuclear aromatics. This renders the stock 
more susceptible to cracking, and less prone to form coke on catalysts. 

ne advanced commercial catalysts employed for petroleum conversion are 
suitable for refihing coal derived distillates to premium value products. 

rocess conditions required are within commercially practicable ranges 
Hydrogen requirements can be partially met by reforming naphthas and steam 
rerorming light gases. 
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SPC 6009 E D 02 (2/801 



H-COAL PROCESS, BENCH SCALE LIQUIEFACTION TESTS 


By Hydrocarbon Research, Inc. 
with 2 Kentucky No. 11 Coals 

-run-of-mine coal with 17.49 Kt.% ash 
-deep-cleaned coal with 6.21 Wt.% ash 
from PETC 


ORIGINAL PAGE IS 
OF POOR QUALITY 


CONCLUSIONS 


* The deep-cleaned Keatucky No. 11 coal exhibited greater coal 
conversion than the run-of-mine coal. Deep cleaning may re- 
move a fraction of the unreactive m.a.f. coal present in the 
run-of-mine coal. 

* The deep-cleaned coal yielded more residual oil than the run- 
of-mine coal. Also, the fraction of residual oil which was 
toluene-soluble was' less for the deep-cleaned coal than for 
the run-of-mine coal. The high ash level of the run-of-mine 
coal may increase the conversion of residual oil. 

* There was no marked difference between the two coals in the 
rates of catalyst deactivation for conversion of toluene- 
soluble and toluene-insoluble residuum. 

* The total C 4 to 975°F distillate yield on a converted coal 
basis was about the same for both coals; on a dry coal basis, 
the deep-cleaned coal yielded approxiinately 19« more C 4 to 
9750 F distillate than the run-of-mine coal. 

* In *a 25,000 ton per day H-Coal plant operating in the 
syncrude mode at a catalyst age of 300 lbs coal/lb catalyst, 
the deep-cleaned coai would yield approximately 10 *, more 

C 4 to 975°F product than the run-of-mine coal. 


* On a converted coal basis, the yields of HoS, NH 3 , and Ho 
were higher for the run-of-mine coal than tor the deeo-cT 
coal . 


hO 

:Teaned 


* The hydrogen consumption on a converted coal basis was higher 
for the run-of-mine coal than for the deep-cleaned coal. 
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OR^Q^NAL PAQE 
OF POOR QUALPTY 


o 


UJ 

HI 

I 

in 


SUMNAOY OF OPERATING RESULTS 


Run Nunber 

177-143 

177-144 

Kentucky No. 11 Coal 

Deep-Cleaned 

Run-oY-“’ne 

HR I Number 

4018 

4017 

Ash In Feed Coal. U 1 

(Dry Coal) 

6.21 

17.49 

Catalyst Age, Lbs Coal/Lb 

■ " ■“ 

Catalyst 

31.8-317.8 

55.1-327.1 

Coal Feed Rate, Lbs/Hr/Ftt 

Raactor 

30.7 

31.2 

Rtactor Temperature, *F 

850 

850 

Pressure, psig 

2243 

2252 

Recycle, Lbs/Lb Coal 

Vacuum Distillate 

0.30 

0.29 

Filtered Liquid 

0.69 

0.69 

Separator Bottoms 

4.09 

4.13 

Coal Conversion, U l M.A.F. 

Coal 95.90 

92.19 


UJ 

u 


UJ 

cc 



-I s 
UJ O 
^ CC 



CO 

LU 


Nomul ized Yields 

Cj-Cj Gases 
C4-400*F Naphtha 
400-6SO*F Distillate 
650-975*F Distillate 
975*F* Distillate 
Total 

Toluene-Soluble 
Toluene-Insoluble 
Unconverted Coal 
Ash 

H»0 (Net) 

CO ♦ CO 2 


otal (100 ♦ H 2 
Reacted 


U X 
Dry 
Coal 

U 1 
MAF 
Coal 

u s 

Converted 

Coal 

12.01 

12.81 

13.36 

26.95 

28.73 

29.96 

18.67 

19.91 

20.76 

6.37 

6.79 

7.08 

17.85 

19.03 

19.84 

13.88 

14.80 

15.43 

3.97 

4.23 

4.41 

3.95 

4.21 


6.35 



9.64 

10.28 

10.72 

0.63 

0.67 

0.70 

2.72 

2.90 

3.02 

1.23 

1.31 

1.37 


106.39 


w t W t hi • 


Dry 

Coal 

“AF 

Coal 

Converteo 

Coal 

10.23 

12.40 

13.45 

22.89 

27.74 

30.09 

17.39 

21 . oe 

22.86 

3.35 

4.06 

4.40 

11.10 

13.45 

14.59 

9.43 

11.43 

12. iC 

1.67 

2.02 

2.20 

6.67 

8.08 


18.11 



9.70 

11.76 

12.75 

0.57 

0.69 

0.75 

3.97 

4.81 

5.22 

1.95 

2.36 

2.56 


105.94 


LU 

D 

u . 


QC 

LU 

CL 

O 

DC 

Q_ 


C 4 - 975 V Distillate 


Barrels/Ton Dry Coal 

3.64 

Barrels/Ton M.A.F. Coal 

3.88 

Barrels/Ton Converted Coal 

4.05 

Sulfur In 975*F^ 011, H X 

0.50 

Toluene-Soluble In BTS’F'^, H X 

77.76 

Hydrogen ConsMptlon, 


MSCF/Ton Feed Coal 

23.21 

MSCF/Ton MAF Coal 

24.75 

MSCF/Ton Converted Coal 

26.71 


3.06 

3.71 

4.02 

0.45 

84.95 


21.56 

26.1’ 

29.33 
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TABLE B-29 - Typical Catalyst Analysis - American Cyanamid HDS-1442A 


HRI Number 

3830 

Bulk Density, gm/cc, Compacted 

0.580 

Particle Density, gms/cc 

In Mercury 

0.983 

In Heptane 

0.908 

From Weight Dimensions 

0.917 

Skeletal Density, gms/cc 

In Mercury, 60,000 psi 

2.93 

In Heptane 

3.57 

Heptane Wetted Density, gms/cc 

1.445 

Heptane Absorbed, cc/gm 

0.821 

Average Particle Weight, Milligram 

9.20 

Particle Length 

Average, imi 

4.69 

Range, nm 

2.4-12.0 

Particle Diameter, Average, mm 

1.65 

Chemical Analysis by Supplier 

M 0 O 3 , W % 

16.0 

Co, W % 

3.2 

NapO, W % 

0.02 

Analysis by HRI 

Molybdenum, W % 

9.73 

Cobalt, W % 

2.75 

Iron, W % 

0.3 

Titanium, W * 

0.0 

Crush Strength, Lb/imi 

3.2 

Attrition Test, % Undersize 

3.9 

Pore Volume (Hg 9 60,000 psi) 

D >30 A, cc/gm 

0.691 

Pore Size Distribution, cc/gm 

D = 30-50 

0.142 

D = 50-100 
D = 100-200 A 

0.259 

0.036 

D = 200-2000 A 

0.120 

D = >2000 A 

0.134 

Maximum, 8 * 

55 


'Osition of Greatest Slope of Pore Volume Against Diamete 
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COMPOSITION 


TEST METHOD 

FLUIDITY 

TEST METHOD 

CARBON, WT % 

88.53 


POUR POINT, “f 

1 

HYDROGEN. WT% 

8.93 


VISCOSITY, KINEMATIC, cS 


OXYGEN, WT% 



100°F 



NITROGEN TOTAL, WT% 

0.62 


122"f 



SULFUR TOTAL. WT\ 

<0.03 


«(»¥♦ 130“F 

41 


SULFUR. MERCAPTAN.WT % 



VISCOSITY, SAYBOLT UNIV., SEC 

1 

PARAFFINS. VOL % 



ioo"f 



OLEFINS, VOL % 



122®F 



NAPHTHENES. VOL S 



210“f 



AROMATICS TOTAL. VOL % 



COMBUSTION 


NAPHTHALENES. VOLK 






NET HEAT OF COMB.. BTU/LB 



POLYNUCLEAR AROMATICS. VOLK 







GROSS HEAT OF COMB., BTU/LB 













ON 100K.WTK 



THERMAL STABILITY 


ASH.WTK 



JFTOT, BREAKPOINT TEMP.,"f 

1 

ASH MELT TEMPERATURE, "F 



TOR AP 


FILTERABLE OIRT, MG/100 ML 



TRACE METAL ANALYSIS, PPM 


UiATCD wni AL 







At 











Aj 



liiA V orr AL 








Ba 



UIAV UCI T TCUPCDATIinE **C 













L«d 



VOLATILITY 


Cd 


O Q 

DISTILLATION TEMP..'*F MAX 


Cr, total 



INITIAL BOILING POINT 

334 


Cu 


■p o 

10K EVAPORATED 

421 


Fe, total 


Q w 

50K EVAPORATED 

S66 


Hg 


30 ? 

90K EVAPORATED 

808 


K 


g J 

FINAL BOILING POINT 

913 


Mg 




RESIDUEY««K Wt.Z 

3 S 


Mn 



FLASH POINT, ®F 



Mo 


is 

GRAVITY, "API 

in 1 


Na 



GRAVITY, SPECIFIC. 60"F 



Ni 



ioo"f 



Pb 



210°F 



Se 



NOTES 

Wt.Z of DRY COAL 



Si 



35.22 


Ti 




V 





Zn 




FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE B-30 


FUEL 

PROPERTIES 


FUEL TYPE — Varinnn Hi ar ill are 
FROM REFERENCE A-027 


SHEET OF 


SPC 6009 eo 01 O/B0> 





X. 


COMPOSITION 

CARBON. MIT % 

HYDROGEN. MTT % 

OXYGEN,MfT% 

NITROGEN TOTAL. WT\ 

SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN, RTF % 
PARAFFINS. VOLX 
OLEFINS. VOL % 

NAPHTHENES. VOL% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10%. RTFS 
ON 100%. RTFS 

ASH. RTF % 

ASH MELT TEMPERATURE, **F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT, VOL % 

WAX. RFT % 

WAX. MELT TEMPERATURE. °F 
VOLATILITY 

DISTILLATION TEMP^^F MAX 


TEST METHOD 


INITIAL BOILING POINT 

164 


10% EVAPORATED 

233 


S0% EVAPORATED 

382 


90% EVAPORATED 

515 


FINAL BOILING POINT 

630 


RESIDUE. VOL % 




FLASHPOINT, “f 
GRAVITY, “API 
GRAVITY, SPECIFIC. 60°F 
ioo“f 


NOTES 


Uc.Z of DRY COAL 


14.33 


FLUIDITY 

POUR POINT, “F 
VISCOSITY, KINEMATIC. cS 

ioo“f 

122“f 

210"f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210“f 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
B« 

Ca 

Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 


TEST METHOD 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-31 


FUEL 

PROPERTIES 


S^C 6009 60 01 13 SOI 


FUEL TYPE__Li«lit. 
FROM REFERENCE. 


IBP-400"F 


SHEET OF. 



COMPOSITION 

CARBON, WT \ 

HYDROGEN, WT% 

OXYGEN, WT% 

NITROGEN TOTAL, WT% 

SULFUR TOTAL, WTH 
SULFUR, MERCAPTAN. WT % 
PARAFFINS, VOLK 
OLEFINS, VOLK 
NAPHTHENES, VOLK 
AROMATICS TOTAL, VOLK 
NAPHTHALENES, VOLK 
POLYNUCLEAR AROMATICS, VOLK 
CARBON RESIOUE ON 10K,WTK 
ON 100K,WTK 

ASH,WTK 

ASH MELT TEMPERATURE, "F 
FILTERABLE OIRT, MG/100 ML 
WATER, VOLK 
WATER & SEDIMENT, VOL K 
WAX, WT K 

WAX. MELT TEMPERATURE. °F 
VOLATILITY 

DISTILLATION TEMP.,'*F MAX 
INITIAL BOILING POINT 
10S EVAPORATED 
50*> EVAPORATED 
90K EVAPORATED 
FINAL BOILING POINT 
RESIDUE.M^K UC. 

FLASH POINT, "f 
GRAVITY. “API 
GRAVITY, SPECIFIC, 60“F 
ioo"f 


Wt.Z of DRY COAL 


FUEL QUALITY/PR0CESSIN6 STUDY 


TEST METHOD 




FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, cS 

ioo“f 

122“f 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210“f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

SI 

Ti 

V 

Zn 


TEST METHOD 





RMP JOB NO. 6009-1 


TABLE B-32 


FUEL 

PROPERTIES 


FUEL TYPE 
FROM REFERENCE. 


A-027 


SHEET OF. 





COMPOSITION 

CARBON. WT % 

HYDROGEN, WT% 

OXYGEN. WT% 

NITROGEN TOTAL. MT% 

SULFUR TOTAL. WT % 

SULFUR. MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS, VOLH 
NAPHTHENES. V0L% 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON 10X.WT% 

ON 100%. WTN 

ASH,WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT, VOL % 

WAX, WT % 

WAX. MELT TEMPERATURE. **F 
VOLATILITY 

DISTILLATION TEMP^^F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
S0% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, “f 
GRAVITY, "API 
GRAVITY, SPECIFIC. 60°F 


.2 of DRY COAL 


FUEL QUALITY/PROCESSING STUDY 


TEST METHOD 




13.08 


FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC, cS 
100"F 

122“f 

210"f 

VISCOSITY. SAYBOLT UNIV., SEC 


COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

SI 

Ti 

V 

Zn 


TEST METHOD 




RMP JOB NO. 6009^1 


TABLE B-33 


FUEL 

PROPERTIES 



FUEL TYPE 
FROM REFERENCE 




A-027 


SHEET OF. 






COMI>OSmON 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. MERCAPTAN, WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VDL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%. WT% 

ASH.WT% 

ASH MELT TEMPERATURE. "F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. °F 
VOLATILITY 

DISTILLATION TEMP..**F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
S0% EVAPD RATED 
90% EVAPORATED 
final BDILINGPDINT 
RESIDUE,MkL%WC.Z 
FLASH PDINT.**F 
GRAVITY. "API 
GRAVITY, SPECIFIC, 60"F 

ioo"f 

2I0"F 


TEST METHOD 




FLUIDITY 

pourpdint,"f 

VISCOSITY, KINEMATIC. cS 
100"F 

122"f 

210"F 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo"f 

♦Mfip 130"F 
210 "f 

COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,"f 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cl, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 




FUEL QUALITY/PROCESSING STUDY 


RMP JOB NO. 6009-1 


table B-34 


FUEL 

PROPERTIES 



FUELTY 
FROM REFERENCE 




A-027 


SHEET. 







COMTOSmON 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. «rr% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL% 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON tO%.WT% 

ON 100%. WT% 

ASH.WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL % 

WATER a SEDIMENT, VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. °F 


TEST METHOD 


FLUIDITY 

POUR POINT, "F 
VISCOSITY, KINEMATIC, cS 

ioo“f 

122“f 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122®F 


TEST METHOD 






40 



COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 



THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,°F 
TOR AP 


VOLATILITY 

DISTILLATION TEMP.,**F MAX 
INITIAL BOILING POINT 
10%EVAPORATEO 
SON EVAPORATED 
BON EVAPORATED 
FINAL BOILING POINT 
RES'OUE.IMfeNWC.Z 
FLASH POINT. ®F 
GRAVITY. "API 
GRAVITY, SPECIFIC. 60°F 



NOTES 


TRACE METAL ANALYSIS, PPM 
A1 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 



FUEL QUALITY/PROCESSING STUDY 

FUEL 

FUEL TYPE F-ilK»yaH I.iqiiiHn Ckf Var niat 

FROM REFERENCE 

RMP JOB NO. 6009^1 TABLE B-35 

PROPERTIES 

SHEET OF 









COMPOSITION 

CARBON. WT % 

HYDROGEN. WT % 

OXYGEN, WT % 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT% 

SULFUR. MERCAPTAN. WT \ 
PARAFFINS. VOL % 

OLEFINS. VOLX 
NAPHTHENES. VOL % 

AROMATICS VOTAL. VOL \ ^ ^ ^ 
NAPHTHALENES. VOL% 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON I0%.WT% 
CON. CARfl. 0N100%.WT% 
ASH.WT% 

ASH MELT TEMPERATURE. **F 
FILTERABLE DIRT. MG/tOO ML 
WATER. VOL % 

WATER a SEDIMENT. VOL % 

WAX. WT % 

WAX. MELT TEMPERATURE. **F 
VOLATILITY 

DISTILLATION TEMP..°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
SO\ EVAPORATED 
MS EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT, "f 
GRAVITY. "API 
GRAVITY. SPECIFIC. 60"f 
ioo"f 
?io"f 

NOTES 

(1) Aronaticity \ 


FUEL QUALITY/PROCESSING STUDY 


TEST METHOD 




FLUIDITY 

POUR P0INT."f 
VISCOSITY. KINEMATIC, cS 
MOfip 40*C 
lOO'C 

2I0"f 

VISCOSITY, SAYBOLT UNIV.. SEC 


(X>MBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB . BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP..®F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
B« 

Ca 

Cd 

Cr. total 
Cu 

Fe. total 

Hg 

K 

Mg 

Mn 

Mo 

Na 


TEST METHOD 


7 ^ 11 -- 









RMP JOB NO. 6009^1 


TABLE B-36 


FUEL 

PROPERTIES 


FUEL TYPE H-r.nal , Afn^ph BottOMi 

FROM REFERENCE 80-CT-67 

SHEET OF. 





COMPOSITION 

CARBON. WT % 

HYDROGEN. WT« 

OXYGEN. WT% 

NITROGEN TOTAL. NT % 

SULFUR TOTAL. WT% 

SULFUR. MERCAPTAN. «YT % 
PARAFFINS. VOL% 

OLEFINS. VOL% 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
Con. CARBON RESIDUE ON I0%.WT% 

ON ioo%.4rr% 

ASH.WTX 

ASH MELT TEMPERATURE. **F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL % 

WATER a SEDIMENT. VOL % 
WAX.WT% 

WAX. ME LT TEMPE NATURE. 
VOLATILITY 

DISTILLATION TEMP.,”f MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
S0% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE. VOL % 

FLASH POINT. *F 
GRAVITY.** API 
GRAVITY. SPECIFIC. GO**F 


TEST METHOD 




FLUIDITY 

POUR POINT. **F 
VISCOSITY. KINEMATIC. cS 
200 «M**F 
300 ah9f 
400 2W**F 

VISCOSITY. SAYBOLT UNIV.. SEC 
100**F 
122**F 
210**F 

COMBUSTION 

HEAT OF COMB . BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

BREAKPOINT TEMP.,**F 

:4«<l -Af unstable above 

TRACE METAL ANALYSIS. PPM 
Al 
As 
B« 

Ca 

Cd 

Cr. totil 
Cu 

Fa. total 


TEST METHOD 







FUEL GUALITY/PR0CESSIN6 STUDY 


RMP JOB NO. 6009-1 


TABLE B-37 


FUEL 

PROPERTIES 


FUEL TYPE H-Coal. Hydroclone Bottc 
FROM REFERENCE Table 6,d 

SHEET OF_ 







6£-n 





VOLATILITY 

DISTILLATION TEMP^*'f MAX 


INITIAL BOILING POINT 

4s: 


10% EVAPORATED 

452 


SOX EVAPORATED 

514 


90% EVAPORATED 

616 


final boiling point 

636 


RESIDUE. VOL % 



FLASH POINT. *F 



GRAVITY. "API 

16-7 


GRAVITY. SPECIFIC. G0°F 



ioo"f 



210®F 




NOTES 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLE B-38 


MO* (o 01 KOI 




B-40 



COMPOSITION 

CARBON, WT % 

HYDROGEN. WT% 

OXYGEN, WT% 

NITROGEN TOTAL, WT% 

SULFUR TOTAL, WT% 

SULFUR, MERCAPTAN, WT % 
PARAFFINS, VOL% 

OLEFINS, VOL % 

NAPHTHENES, VOL % 

AROMATICS TOTAL, VOL % 
NAPHTHALENES, VO L% 
POLYNUCLEAR AROMATICS, VOL % 
CARBON RESIDUE ON 10%,WT% 

ON 100%,WT% 

ASH,WT% 

ASH MELT TEMPERATURE, °F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX, WT % 

WAX, MELT TEMPERATURE, °F 
VOLATILITY 

DISTILLATION TEMP„°F MAX 
INITIAL BOILING POINT 
1P% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, “f 
GRAVITY, “API 
GRAVITY, SPECIFIC, 60“F 

ioo“f 

210“F 

NOTES 


TEST METHOD 







0.36 


0.15 



































_ 


688 


737 


896 








6 A 









FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, cS 
100“F 
122 “f 
210“F 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210“f 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TDR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 











^ SI 


-O p. 



15.3 

fy V 
JO r" 


"Q 


c: ^ 


•f.S 







0.2 










0.2 





FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-39 


FUEL 

PROPERTIES 


FUEL TYPE HAavy ni^t ,H-r.na1, 111. No .6 


FROM REFERENCE A-041 - Table 6-a 


SHEET. 


.OF. 


SPC 6009 ED 01 13/80) 


4 







COMPOSITION 

CARBUN.WT % 

HYDROGEN, MTTH 
3XYGEN,WT% 

NITROGEN TOTAL. WTX 
SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN, WT% 
PARAFFINS. VOLK 
olefins. VOLK 
NA5>HTHENES. VOLK 
AROMATICS TOTAL. VOL K 
NAPHTHALENES. VOLK 
POLYNUCLEAR AROMATICS. VOL K 
CARBON RESIDUE ON lOK.WrTK 
ON lOOK, WTK 

ASH.WTK 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOLK 
WATER a SEDIMENT, VOL K 
WAX, WT K 

WAX, MELT TEMPERATURE. °F 
VOLATILITY 

OISTILLATION TEMP..'*F MAX 
INITIAL BOILING POINT 
10K EVAPORATEO 
50K EVAPORATED 
90K EVAPORATEO 
FINAL BOILING POINT 
RESIDUE, VOLK 
FLASH POINT, “f 
GRAVITY,® API 
GRAVITY, SPECIFIC. 60®F 


NOTES 


TEST METHOD 


FLUIDITY 

POUR POINT, ®F 
VISCOSITY, KINEMATIC, cS 

ioo“f 

122®F 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 
100®F 


COMBUSTION 

NET HEAT OF COMB.. BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,®F 
TOR AP 

TRACE METAL ANALYSIS. PPM 
A1 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 


TEST METHOD 


?UEL QUALITY/PROCESSING STUDY 


RMP JOB NO. 6009-1 


TABLE B-AO 


FUEL 

PROPERTIES 


FUEL TYPE. Naphtha, H-Coal, 111. No, 
FROM REPERENCE A-041 , Table 6-a 


S^C 6009 CD 01 ( 3/SOI 


SHEET OF 





B-4 


t j' 


COMPOSITION 

CARBON. WT % 

HYDROGEN, WT% 

OXYGEN, WTK 
NITROGEN TOTAL, WT% 

SULFUR TOTAL, WT% 

SULFUR, MERCAPTAN, \NT% 
PARAFFINS. VOL% 

OLEFINS. VOL% 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL % 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lOS.WTS 
ON 100%. WT% 

ASH,WT% 

ASH MELT TEMPERATURE. **F 
FILTERABLE DIRT, MG/100 ML 
WATER, VOL % 

WATER & SEDIMENT, VOL % 

WAX. WT % 

WAX, MELT TEMPERATURE, ®F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, ®F 
GRAVITY, “API 
GRAVITY. SPECIFIC, 60“F 
100"F 
210“F 

NOTES 


TEST METHOD 


87. h 


7.4 


1 


n 81 


0.47 



































180 








>944 






27.6 









FLUIDITY 

POUR POINT, “F 
VISCOSITY, KINEMATIC. cS 
100“F 

122“f 

210“F 

VISCOSITY, SAYBOLT UNIV..SEC 

ioo“f 

122“f 

210“f 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT. BREAKPOINT TEMP., “F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

O, total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


TEST METHOD 
1 ~ 



















Tl O 


g ? 


» r * 


/N -n 


C > 


ra 




< (n 












FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009^1 TABLc! B-Al 


FUEL 

PROPERTIES 


FUEL TYPE — H-Coal froa III, to. fuU — 

FROM REFERENCE A-041 range liq. 

Table 6-a (Ref. #1, ACS) 


SHEET OF 


S**C 6009 ED 01 r3 80) 







COMPOSITION 

CARBON, WT % 

HYONOGEN.WT% 

OXYGEN. WT% 

NITROGEN TOTAL, WT% 

SULFUR TOTAL, WT« 

SULFUR, MERCAPTAN, MfT % 
PARAFFINS, VOL % Heptane Ins 
OLEFINS, VOL % Benzene Ins 
NAPHTHENES. VOL % oMpt xylene 
AROMATICS TOTAL, VOL % 
NAPHTHALENES, VOL% 
POLYNUCLEAR AROMATICS, VOL % 
ConP^NBON RESIOUE ON tO%,WT% 
ON100%,WT% 

ASH,WT% 

ASH MELT TEMPERATURE, 
FILTERABLE OIRT, MG/100 ML 
WATER, VOL % 

WATER a SEDIMENT, VOL % 
WAX.WTK 

WAX. MELT TEMPERATURE, **F 
VOLATILITY 

DISTILLATION TEMP.,°F MAX 
INITIAL BOILING POINT 
10% EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIOUE, VOL % 

FLASHPOINT, **F 
GRAVITY. "API 
GRAVITY, SPECIFIC. G0"f 


TEST METHOD 




FLUIDITY 

POUR POINT, "f 
VISCOSITY, KINEMATIC, cS 

ioo"f 

122®F 

210"f 

VISCOSITY, SAYBOLT UNIV., SEC 
100®F 

250*F 

ua-a 3oo"F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,"F 
TOR AP 

TRACE METAL ANALYSIS, PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fa, total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

Si 

Ti 

V 

Zn 


FUEL QUAUTY/PR0CESSIN6 STUDY 


RMP JOB NO. 6009-1 


TABLE B-43 


FUEL 

PROPERTIES 


FUEL TYPE 

FROM REFERENCE 
FE-2010-9 










-45 





// 


05 


COMPOSITION 


TEST METHOD 


FLUIDITY 


TEST METHOD | 

CARBON. WT % 



POUR POINT, “f 

<-65. 1 1 

HYDROGEN, WT% 

11,19 


VISCOSITY, KINEMATIC, cS 



OXYGEN. WTS 

'i!i' 


♦Otfp 40“C 

1 -17 


NITROGEN TOTAL, WT% 

0.16 


100®C 

0.60 


SULFUR TOTAL. WTS 

0.16 


210“f 



SULFUR. MERCAPTAN, WTS 



VISCOSITY, SAYBOLT UNIV., SEC 



PARAFFINS. VOLS 



ioo“f 



OLEFINS. VOLS 



122“f 



NAPHTHENES. VOLS 



210“F 



AROMATICS TOTAL, VOLS 
NAPHTHALENES. VOLS 

29 


COMBUSTION 











NET HEAT OF COMB.. BTU/LB 



POLYNUCLEAR AROMATICS, VOL S 









GROSS HEAT OF COMB., BTU/LB 



CARBON RESIDUE ON lOS.WTS 




18810 








CON . GARB . ON 100S. WTS 

0.01 


THERMAL STABILITY 



ASH. WTS 

<0.01 


JFTOT, BREAKPOINT TEMP.,“F 



ASH MELT TEMPERATURE, °F 



TOR AP 



FILTERABLE DIRT, MG/100 ML 



TRACE METAL ANALYSIS. PPM 



UUATCQ wni ^ 










Al 













As 



WAX.wr s 









Ba 



WAX. MELT TEMPERATURE. “F 










0.16 








VOLATILITY 




Cd 



DISTILLATION TEMP.,‘’f MAX 




Cr, total 



INITIAL BOILING POINT 

179/220 

0-2887 D-86 

Cu 



10S EVAPORATED 

247/280 


Fe, total 

— Q.7 

O o 

SOS EVAPORATED 

T76/'^68 


Hg 



90% EVAPORATED 

457/440 


K 

005 



FINAL BOILING POINT 

557/485 


Mg 




RESIDUE, VOLS 



Mn 



FLASH POINT, ®F 

1 2 


Mo 



GRAVITY. “API 

5n 4 


Na 

— 1-^4 


GRAVITY, SPECIFIC, 60“F 



Ni 


L. ^ 

H 

ioo"f 



Pb 

0.02 

< CO 

210“f 



Se 

0.01 


NOTES^ 




SI 






Ti 

<2.0 






V 

0.1 







Zn 




FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009 1 TABLE B-44 


FUEL 

PROPERTIES 


FUEL TYPE H^Coal. 
FROM REFERENCE_ 


2nn-50Q°F Dist 
ASME 80-GT-67 


SHEET OF 


N0.2A 


SPC 6009 60 01 I3‘80) 



COMPOSITION 

CARBON. WT % 

HYDROGEN. WT% 

OXYGEN. WT% 

NITROGEN TOTAL. WT% 

SULFUR TOTAL, WT% 

SULFUR. MERCAPTAN. WT % 
PARAFFINS. VOL % 

OLEFINS. VOL % 

NAPHTHENES. VOLN 
AROMATICS TOTAL. VOL \ (1) 
naphthalenes. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lON.WTN 
CON. CARB. ONIOO%.WT% 
ASH. WT% 

ASH MELT TEMPERATURE. °F 
FILTERABLE DIRT. MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT. VOL % 

WAX. WT S 

WAX. MELT TEMPERATURE. “F 
VOLATILITY 

DISTILLATION TEMP..“F MAX 
INITIAL BOILING POINT 
lOS EVAPORATED 
50% EVAPORATED 
90% EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FI ASH POINT, °F 
GRAVITY. “API 
GRAVITY. SPECIFIC, 60"F 
ioo“f 
210'*F 

NOTES Aronwiticity % 


FUEL QUALITY/PROCESSING STUDY 

RMP JOB NO. 6009-1 TABLE B-45 

SPC 6009 to 01 13 801 


TEST METHOD 




1 1 .T8 


1 -4 




0.13 










34 








0.05 


<0.01 















FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, cS 
100°F 
122°F 
210°F 

VISCOSITY, SAYBOLT UNIV., SEC 
40“C 
100“C 

210°F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB.. BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TOR AP 

TRACE METAL ANALYSIS. PPM 
Al 
As 
Ba 
Ca 
Cd 

Cr, total 
Cu 

Fe. total 

Hg 

K 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Se 

a 

Ti 

V 

Zn 


TEST METHOD 


1.12 


.62 





0*0 


FUEL 

PROPERTIES 


FUEL TYPE H-Coal. 200-500"F Dist . No. 
FROM REFERENCE ^SKE 80-GT-67 

SHEET OF 




w 

I 

-J 


COMPOSITION 

r^RBON WT % 

HYDROGEN. WT\ 

OXYGEN. WT % 

NITROGEN TOTAL. WT% 

SULFUR TOTAL. WT % 

SULFUR. MERCAPTAN. WT\ 
PARAFFINS. VOL% 

OLEFINS. VOL % 

NAPHTHENES. VOL % 

AROMATICS TOTAL. VOL N 
NAPHTHALENES. VOL % 
POLYNUCLEAR AROMATICS. VOL % 
CARBON RESIDUE ON lOS.WTS 
Con. Garb. 8N488lfciWT% 
ASH,WT% 

ASH MELT TEMPERATURE. “F 
FILTERABLE DIRT, MG/100 ML 
WATER. VOL % 

WATER & SEDIMENT. VOL % 

WAX. WT % 

WAX, MELT TEMPERATURE. ”F 
VOLATILITY 

OISTILLATION TEMP..“f MAX 
INITIAL BOILING POINT 
lOS EVAPORATED 
SOS EVAPORATED 
SOS EVAPORATED 
FINAL BOILING POINT 
RESIDUE, VOL % 

FLASH POINT, ®F 
GRAVITY, “API 
GRAVITY, SPECIFIC, 60°F 
100°F 
210"F 

NOTES 


TEST METHOD 




10.03 






0.09 










4T- 








0.08 


<0.01 

















389/418 


4!^8/458 


358/576 






145. 


18.4 









(1) Aromaticity % C/^ 


FLUIDITY 

POUR POINT, “f 
VISCOSITY, KINEMATIC, cS 
40"C 
100®C 

210“f 

VISCOSITY, SAYBOLT UNIV., SEC 

ioo“f 

122“f 

210°F 

COMBUSTION 

NET HEAT OF COMB., BTU/LB 
GROSS HEAT OF COMB., BTU/LB 

THERMAL STABILITY 

JFTOT, BREAKPOINT TEMP.,“f 
TDR AP 


TEST METHOD 

I <-65. I 


2.56 


0-89 







18331 

. 


TRACE METAL ANALYSIS, PPM 


Al 



As 



Ba 



Ca 

0.29 


Cd 



Cr, total 


oo 

Cu 


^ s 

Fe, total 

3.7 

TTrlT 

Hq 


II 

K 

_£Lc26 

* ^ 

Mg 


^ “D 

Mn 


> b 

Mo 



Na 

0-67 

-4 w 

Ni 



Pb 

0-14- 


Sc 



Si 



Ti 

<0-1 


V 

<n 1 


Zn 




FUEL QUALITY/PROCESSING STUDY 

FUEL 

FUEL TYPFH-r.oal 400-650*F Dist . No. 3 

FROM REFERENCE ^SME 80-GT-67 

RMP JOB NO. 6009 1 TABLE B-46 

PROPERTIES 

SHEET OF 


S^C (,OW frtJ 01 3 801 



ORIGINAL PAGE IS 
OF POOR QUALITY 


The analyses sheets in the balance of Appendix B are for 
M-Coal, SRC and EDS liquification process liquid fuels. These are 
from an earlier study by NASA-Lewis: Reynolds, T. W., R. W. Niedz- 

wiecki and J. S. Clark, "LITERATURE SURVEY OF PROPERTIES OF SYNFUELS 
DERIVED FROM COAL", prepared for DOE Report No. DOE/NASA/2593-79/8, 
NASA TM-79243. 

These are presented as pertinent information predating the 
Fuel Quality/Processing Study, Task I. 


B-48 


imm fillet M mmX Uml Ml Mm 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
OF POOR QUALITY 













































































































ORIGINAL PAGE IS 
OF POOR QUALITY 
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